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ABSTRACT 
The thes i s i s an a t t empt to s t u d y the f l u v i a l morphology 
of the Ganges d e l t a . The Ganges de l t a is the v / o r l d ' s l a r g e s t 
d e l t a vrhich occupies a t o t a l a r e a of about 60,500 s q . km i n the 
lower p a r t of the Benga l B a s i n . The de l t a is l oca t ed a t the 
n o r t h e r n a p e x of the Bay of Benga l and i t s a r e a i s confined 
v/ i thin the B h a g i r a t h i - H o o g l i r i v e r in the v/est a n d t h e P a d m a -
Meghna e s t u a r y in the e a s t . The no r the rn b o u n d a r y of the 
d e l t a is de l imi ted by the main c h a n n e l of the Ganges or Padma 
i t s e l f . The d e l t a i s formed by t h e combined f l t r / i a l a c t i o n s of 
the th ree major r i v e r sys t ems of the r eg ion , t h e G a n g e s , the 
B r a h m a p u t r a and the Meghna in t h e shal low shelf r e g i o n of the 
Bay of B e n g a l . However, the ro l e of the mar ine forces i n t h e 
formation of the d e l t a c a n not be i g n o r e d . 
The Ganges d e l t a i s one of the most popu lous a r e a s of 
the wor ld . More t h a n 60 mi l l ion people i n h a b i t t h i s a l l u v i a l 
f l a t surface which i s p o l i t i c a l l y d iv ided i n t o I n d i a (V/est 
Benga l ) and B a n g l a d e s h . I n t e n s i v e a g r i c u l t u r a l p r a c t i c e s 
p r o v i d e the major i ty of t h e people of the d e l t a t h e i r l i v e l i h o o d . 
C a l c u t t a , Khu lna , J e s s o r e , B a r i s a l , Kus t ia , C h a l n a a n d some 
o the r big c i t i e s , towns and p o r t s have been deve loped i n the 
d i f ferent p a r t s of the d e l t a . The r i v e r s of the d e l t a s e r v e the 
a g r i c u l t u r a l l a n d s of the d e l t a a s the major source of i r r i g a t i o n 
w a t e r . These channe l s a n d the e s t u a r i n e s t r e a m s of t h e d e l t a 
a r e used a s the p r i n c i p a l t r a n s p o r t a t i o n l i n k a g e be tween the 
d e l t a i c p o r t s , towns a n d t h e o the r p a r t s of t h e w o r l d . The 
p r o c e s s of a c c r e t i o n of t h e nev/ d e l t a i c l a n d s i n the o f f - shore 
ssa h a s been goingon with the h e l p of the con t inuous a c t i o n s of 
the sed imenta t ion of t h e s e d e l t a i c r i v e r s , and a s a r e s u l t the 
a r e a l ex tent of the Ganges d e l t a h a s been i n c r e a s i n g g r a d u a l l y . 
T h u s , i t i s ev iden t t h a t the r i v e r s p l a y a v i t a l ro le in the 
p h y s i c a l a s well a s in t h e socio-economic sphe re s cf the d e l t a . 
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The present study is aimed at to fil l-up an acute 
research-gap v/hich exists in the field of the morphological 
studies of the Ganges de l ta . This study attempts to explore the 
total fluvio-morphological aspects of the Ganges del ta , covering 
both the p a r t s of it spreading over Bangladesh and India (V/est 
Bengal) , including the evolut ionary history of the de l ta , i t s 
fluvial and coastal morphology, sedimentclogical s i tuat ion a s 
well as i ts ecological and environmental a spec t s . The present 
thesis is an e laborate and indepth s tudy based on the l a t e s t 
scientific information and da ta (v iz . , sa te l l i te imageries , a e r i a l 
photographs and da ta gathered by empirical f i e ld -surveys) . 
Besides, modern instrumental techniques of the geomcrphological 
studies have also been used in the s tudy. 
The thesis is divided into nine chapters consist ing 
broadly of the general conceptual aspects of the del taic s tud ies , 
physical sett ings of the Ganges de l ta , f luvial racrphological 
aspects of the Ganges delta and the morphological processes in 
the Ganges de l ta . 
Chapter-I of the thesis deals with the general 
conceptual aspects of the del ta ic studies and the f luvial 
morphology. In this elementary chapter , the scope and subject 
matter of the delta and the fluvialmorphological s tudies have 
been discussed. Besides, a generalized discussion on the 
evolution, morphology and s t ruc tu re of del tas is made he re . 
Chapter- I I deals with the physical set t ings including 
the geology, tectonics, oceanography and climatolcgy of the 
Ganges de l ta . Besides, an elaborate review of l i t e ra tu re so far 
done on the study of the morphological aspects of the Ganges 
delta has been incorporated in this chapter . Assessing the 
actual fluviomorphological s i tua t ion of the del ta the author of 
the present thesis has t r ied to rat ional ly delimit the Ganges 
del ta . 
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Chapter - I I I deals v/ith the objectives, methodology and 
the testing of hypotheses of the present thes i s . The present 
study is oriented tov/ards the invest igat ion of the pr inc ipa l 
fluviomorphological aspects of the Ganges del ta; also to examine 
the various marine actions which influence the del ta ic 
development in the coastal a r ea s ; to assess the evolution and 
changes of the del ta ic landforms as well as the shifting of the 
courses of the del taic r i v e r s ; the erosional and depositional 
processes and their resul tant morphological features and the 
processes of deltaic accret ion. 
The various methods and techniques of invest igat ion 
applied in the present s tudy a r e : survey of secondary records 
and l i t e ra tu re , comparison and in terpre ta t ion of various maps, 
aer ia l photographs and sa te l l i te imageries and field 
inves t igat ions . 
The hypotheses those are formulated for testing in the 
present study mostly are on the var ious fluviomorphological and 
environmental aspects of the Ganges de l ta . 
Chapter-IV of the thesis deals with the hydrology and 
drainage system of the Ganges de l t a . 
The hydrology and dra inage system of the delta is 
inseperably related to the total fluviomorphological set t ings of 
the Bengal Basin. The del ta ic t r ac t s of the Ganges is the 
resul tan t of the combined actions of the three mighty r iver 
systems of the Bengal Basin, namely the Ganges, the 
Brahmaputra and the Meghna, which together d ra in a vast 
catchment a reas of about 1.6 million sq. km in Ind ia , China, 
Nepal, Bhutan and Bangladesh. However, the Ganges and i ts 
numerous d i s t r ibu ta r ies have played a significant role in the 
formation of the de l ta . 
The Ganges delta occupies a unique postion among the 
other la rger deltas of the world for its var ied and complex 
network of drainage system. The v^hole delta is cr iss-crossed 
by innumerable large and small channels of which some are 
decaying, some are active, while some others are being drained 
only by the t ida l flow of water . The nor th-eas tern pa r t of the 
delta possesses some abandoned or par t ia l ly abandoned courses 
of decaying r ivers while the eas te rn and south-eastern del ta is 
characterized by the flow of the active r ivers with heavy 
d ischarges . The south-western portion of the Ganges del ta , 
v/hich includes the wor ld ' s l a rges t mangrove forest, the 
Sundarbans, is completely a maze of t ida l creeks and channe ls . 
Beside these complex r ive r s and channels the whole del ta is 
dotted with numerous l akes , marshes and low-lying swamps. 
Another significant na tu re of the del ta- r ivers is their continual 
shifting nature of the courses . Most of the major streams of the 
del ta including i t s premier channel , the Ganges-Padma, have 
been ceaselessly changing their courses. Even the minor 
channels of the del ta show the same tendency. 
Chapter-V of the thesis examines the evolution and 
changes in the Ganges de l t a . The morphology of the Ganges, 
especially i ts f luvial morphology has been undergoing constant 
change. The evolutionary processes in the del ta is re la ted to 
the evolution and changes in the whole of the Bengal Basin. 
Though the entire Bengal Basin, par t icu la r ly the Ganges del ta , 
shows enormous aggrada t ion , this has not been the only factor 
controlling the physiographic evolution or change there in . The 
sub-surface geology has played an important role in these 
evolutionary processes. Besides, the fluctuation of sea- level 
during the past geological ages and the recent subsidence of 
heavily silted del taic t r a c t s should also be taken into 
considerat ion. 
Since the making of the first authentic map of the 
Bengal region by Rennell in 1780, after his survey of the region 
in 1754-'79, subs tan t ia l change have taken place in the total 
hydrographic condition of the major r ivers as v/ell as of the 
other channels of the delta and these changes have affected the 
entire morphological sett ing of the del ta and i t s surrounding 
a r e a s . Among the var ious hydrological changes in the deltaic 
r ive r s , the changes in the course of the channels , migration of 
the banklines and shifting in the thalwegs of the r ivers and the 
ceaseless fluctuations in the flow and discharge of the r ivers 
are notev/orthy. Besides, the coastal a r ea cf the del ta , especially 
i ts coast l ine, has also undergone considerable changes. The 
processes of erosion and deposition have been shaping and 
reshaping the topography and morphology of the delta 
continuously. In the course of the evolution and changes in the 
Ganges delta the seaward progression of the del taic land shows 
a very slow development. However, in the very recent decades 
( i . e . , since 1960s) subs tan t ia l del ta ic accretions have been 
observed along the south-eastern coastal areas and the adjacent 
off-shore shelf areas of the Bay of Bengal. 
Chapter-VI of the thesis deals with the physiographic 
divisions and the spa t ia l va r i a t ions of morphological features in 
the different physiographic regions of the Ganges del ta . In the 
course of the present s tudy it has been observed that an 
extensive areal vas tness and some obvious environmental 
diversifications have brought some marked var ia t ions in the 
physiographic character is t ics of the different pa r t s of the 
Ganges de l ta . 
The elevation of the surface of the Ganges delta is 
very low and most of the areas of the delta l ies below the 
5 metre contourline. The surface of the deltaic land is extremely 
f lat . On the basis of the various s tages of the land formation 
and the existing nature of the f luvial act ivi t ies in the de l ta , 
four physiographic divisions have been identified in the de l ta . 
These are: the Old delta, the Mature del ta , the Young delta and 
the Tidal de l ta . 
The Old deltaa has very poor drainage system where 
the streams are choked-up with silt and sand deposits and are 
unable to carry the flow of water for most of the period. The 
Old delta comprises the north and north-western portions of the 
Ganges de l ta . This p a r t of the del ta is comparatively higher 
surface and s tands apar t from the t idal influence. 
The deltaic portion where r ivers are s t i l l active but 
have ceased to carry silt and maintain their function of active 
land-formation is termed the Mature de l ta . This pa r t of the 
delta roughly comprises the central par t of the Ganges de l ta . 
The processes of fluvial erosion and deposition a re considerably 
weak in this par t of the delta and the land areas belong mostly 
to the flat flood p la ins with lower elevations. 
The Young delta comprises the eastern and 
south-eastern pa r t s of the Ganges delta and includes the coastal 
a reas of the eastern delta alongwith numerous off-shore i s lands 
and chars of the northern Bay of Bengal. This portion of the 
delta is characterized by active streams carrying huge amount 
of sediments leading to the process of l and -bu i ld ing . The 
fluvial processes of erosion and deposition are continuously 
changing the topography of this p a r t of the de l ta . The whole 
of the Young delta can be sub-divided into the es tuar ine , 
r iver ine and the off-shore a r e a s . 
The Tidal delta comprises the south-western pa r t of 
the Ganges de l ta . This pa r t includes the famous mangrove 
forest, the Sundarbans . This p a r t of the delta is an extensive 
plain created by enormous sedimentation and subsequent 
subsidence caused by compactation and s t ruc tura l down-warping. 
In this par t of the Ganges delta the t idal movements have 
spread the a l luvia l sediments evenly leading to the formation of 
almost a perfect plain with a slope of less than 0.05 cm per km. 
The t idal action has also created 'checker-board pa t t e rn ' drainage 
•7-
with a complex cr iss-cross netvvf-rk of t ida l creeks and es tuar ies 
in the region. Tides p lay a v i t a l role in the land-bui ld ing 
act ivi t ies in this p a r t of the de l t a . 
Chapter-VII deals with the geomorphic processes in the 
Ganges de l ta . The Ganges del ta is a resu l tan t of some complex 
and combined actions of various morphogenic factors and 
processes including the f luvia l , marine and aeolian v a r i a b l e s . 
The tectonic forces and the influence of human interference have 
played a significant role in the del ta-bui lding actions in the 
region. Among the marine agencies the t ides, waves and coastal 
sea-currents have played dominant role in the coastal del taic 
formation, while the f luvial actions of the del taic channels 
dominate the whole morphological function in the inland a reas of 
the de l ta . The major channels of the delta and their numerous 
d is t r ibutar ies and spi l l -channels work as dominant agents of the 
t ranspor ta t ion of the s i l ts and sediments for the deltaic bui ldup 
as well as they act as the p r inc ipa l factors of the erosional 
and depositional processes in the Delta. The severe cyclonic 
surges and t ida l bores occasionally influence the morphology of 
the coastal fringes of the de l t a . The main sources of the 
del taic sediments are the catchments of the la rge del taic r ivers 
in the Himalayas and the other p a r t s of the Indo-Gangetic 
p l a in , Bengal Basin and Brahmaputra Basin. Most of the 
t ransported sediments are brought down to the Bay of Bengal 
which amounted about 2.4 bil l ion tons per year . Of this amount, 
about 1.0 bill ion tons /year is d is t r ibuted along the coastal belt 
within a 64 km zone south of 22°N la t i tude and pa r t of the 
remaining 1.4 billion tons forms new land north of the sa id 
la t i tude while the rest is removed by the oceanic currents to the 
deeper pa r t s of the sea. The present study reveals that about 
35.6 sq. km of new deltaic land is being accreted in the eastern 
coastal a reas of the delta per year where the sediments are 
deposited at the bottom of the shelf of the bay at the ra te of 
7.18 cm/year. But in the western coastal shelf of the delta, 
inspi te of the presence of sufficient sedinents, the ra te of 
accretion is very poor. However, the t idal actions help the 
elevation of the surfaces of the t idal par t of the de l ta . 
Chapter-Vll l of the thesis deals vdth the process of 
human interactions in the Ganges del ta . It has been observed 
that the increasing pressure of population and its associated 
interact ions in the del taic l ands have obviously been influencing 
the deltaic ecosystem and changing the morphology of the delta 
to a great extent. Presently extensive development activit ies 
have been taking place in both the par ts of the Ganges delta in 
Bangladesh and V/est Bengal ( I n d i a ) . Besides, reclamation of 
the deltaic sv/amps and encroachments upon the mangroves of the 
Sundarbans forests have led to the acceleration of the 
deteriorating environmental s i tuat ion in the de l ta . Moreover, 
the commissioning of the Fa rakka Barrage for the withdrawal of 
the Ganges water and diversion of the flow to the Bhagira th i -
Hoogli has also caused a great hydrological problem in the 
de l ta . Due to this withdrawal of water a t Farakka the problems 
of drainage fai lure, sa l in i ty in t rus ions , s i l ta t ion of the 
r iver-beds and lowering of the levels of the ground water 
equifers in the most of the .par ts of the Ganges delta have 
become more acute in the recent y e a r s . 
In the course of the present study it has been found 
tha t the delta of the Ganges and the r ivers of the delta are 
most dynamic in na ture . The main channel of the Ganges, viz. 
the Padma, is very unstable in na ture . It keeps on changing 
i ts cours, banklines and thalweg constant ly . During the last 
two hundred years , significant changes have occurred in the 
var ious morphological features of the del ta . The process of 
deltaic-formation or accretion in the coastal sea is sti l l going 
on and the ra te of accretion is higher and faster in the eastern 
coast of the Ganes delta along the mouth of the Ganges-Meghna, 
The findings of the sedimentolo_j.cal tests of the samples of 
the four physiographic divisions of the Ganges delta show some 
spa t i a l var iat ions in the different physical and chemical properties 
of the sediments of the de l ta . However, si l ts constitute the most 
wide-spread textural component in a l l the morphological units in a l l 
the four physiographic divisions of the del ta . The sa l in i ty and pH 
values are higher in the coastal a r eas ( i . e . , Tidal and Young p a r t 
of the delta) and the higher concentrations of the organic matters 
a re found in the sediments of the Sundarbans of the Tidal de l ta . 
The present study reveals that the Ganges delta is bas ica l ly a 
river-dominated one, where the Ganges, Brahmaputra and Meghna 
have been playing a combined role in the formation of the de l ta . 
The present study has nullified the idea of "a s ta t ic coastline" and 
"stagnant del ta-bui lding process" in the Ganges del ta . Moreover, 
the present study has disproved the idea that in the western coast 
of the Ganges delta the process of delta-formation was more 
pronounced and active than tha t in the eastern coast. The present 
s tudy clearly indicates tha t in the recent years significant 
progression or accretion of land is taking place in the eastern coast 
of the delta, while since the Survey of Rennell (1754-'79) the western 
coast of the delta has been showing a ra ther static position. 
The study concludes by making some suggestion in respect 
of the overall development of the fluvio-morphological s i tuat ion of the 
Ganges delta including the s tabi l izat ion of the newly accreted l ands , 
checking the erosion in the r iver banks and coastal a r e a s , 
maintaining the steady flows of water in the Ganges and other 
d is t r ibutar ies of the delta and preventing the loss of sediments in 
the deeper par t s of the sea . In order to achieve such goals an 
integrated and multidisciplinary delta development programme with 
the joint ini t ia t ive of India and Bangladesh has also been 
suggested. 
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C H A P T E R -
I N T R O D U C T I O N 
1.1 SIGNIFICANCE OF THE DELTA STUDY : 
Deltas are the products of the fluvial processes and 
marine act ions. Perhaps next to the r iver banks , ear ly man 
tended to set t le in de l tas . In spite of considerable advances in 
science and technology, concentration of population is s t i l l to be 
found in the del tas of the world. - In the histDrical past 
flourishing civi l izat ions and rich economies were developed in and 
around the deltaic p la ins of the world. Among these Alexandria 
of the Nile del ta and Tamral ipta or Tomluk of the Ganges delta 
are important . From time immemorial deltas are considered as a 
fertile agr icu l tu ra l l and . Extensive network of navigable r ivers , 
productive fertile a rab le lands and nearness of the open 
sea-routes have turned the del tas very a t t r ac t ive place for human 
settlements. At present the del tas of the Ganges, Nile, 
Mississippi and other l a rger r ivers accommodate a huge number of 
population and these are considered as the wor ld ' s mcst populous 
places ( Appendix - I ) • To-day in this over-crov/ded ear th the 
area of land surface is only being increased by accretion along 
the edge of these deltas through sedimentation in the deltaic 
coastal seas . In the las t few centuries several thousand square 
kilometers of newly accreted land has been developed in the 
coastal areas of the del tas of the world . The Nile delta 
accommodates about half of the total population of Egypt and the 
Ganges delta accomir.odates near ly one-fourth of the total 
population of Bangladesh. Besides, some of the w o r l f s richest 
mangrove forests are located in the deltaic p l a i n s . Among these 
the famous Sundarbans of the Ganges delta is v/orth to be 
mentioned. The world's some of the rares t and the most 
magnificent species l ike the 'Royal Bengal Tiger ' and the ' I nd i an 
Marsh Crocodile' are to be found here . During the l a s t 
fe-,v decades hydro-carbons ( i . e . , n a t u r a l gas and oil) have been 
discovered beneath some of the del tas of the world and this has 
given a world-wide rise in interes t in the de l t a - s tudy . All these 
economic, cul tura l and environmental considerations have made 
the del tas of the world an important field of s tudy today. 
1.2 THE CONCEPT OF FLUVIAL MORPHOLOGY : 
Deltas of the world are engendered by the actions of 
running water . Of al l the processes that sculpture the e a r t h ' s 
surface, running water is the most important (Rob, 1989-a) . 
VJhether by carving away relief features or by depositing masses 
of erosional debr is , flowing water acts as the main force in 
shaping the landscape . The re la t ionship between geomorphic 
processes and associated landforms is of g rea t interest to the 
geomorphologists. One of the sub-fields which has engaged 
considerable attention of the geomorphologists to-day in the humid 
region is that of f luvial morphology, which deals with the land 
forms produced by the actions of r ivers and s t reams. 
1.2.1 Scope and Subject Matter of F luv ia l Morphology : 
In the scope of f luvial morphology the running water is 
the main theme of processes. The fluvial processes involve the 
physica l interact ion of flowing water and na tu ra l channels or 
r ivers and s t reams . The running water continuously erodes the 
land and deposits material elsewhere and thus a major portion of 
the surface of the ear th is being sculptured and changed to 
evolve as f luvial land forms. 
The morphology of a body of flowing water can be 
percieved conveniently by considering i ts long profile and cross 
profile ( Ahmed, 1985) . Long profile of a r iver or stream is the 
section or l ine which can be obtained by plot t ing the ax ia l l ine 
of the channel from source to mouth. This profile includes the 
va r i ed gradients in the different reaches of the channel, var ious 
major or minor kn ick ' s marked by ca t a r ac t s , waterfalls or 
r a p i d s . The l ine will also include lakes which may occur along 
the pa th of the channel. Pothole and similar other erosional 
features are also seen along a long profile of a s tream. 
Through cross profiles in the different sections of the 
Stream other character is t ics of the r iver morphology can be 
observed. Such section will indicate the various charac ter is t ics 
of the banks , the natura l levees, the meanders, the width and 
depth of channels , the slopes of the banks or va l ley- f lanks , the 
b ra id ing cf the streams, r iver t e r r aces , a l luv ia l cones, fans and 
deltas , the na ture of the channel floor, potholes, etc . These 
features of the fluvial landforms are obviously associated with 
certain physical processes. The study of f luvial morphology 
involves a systematic study of landforms produced by running 
water (Rob, 1989-a). 
The major subjectmatter of fluvial morphology includes 
various aspects of flow of water in a channel , the processes of 
sedimentation, t ranspor ta t ion and irosion of a stream, i t s 
hydraulic geometry, channel pa t t e rns , and the total study of 
mrrphometry, morphology, morphogeny and morphochronology of 
var ious landform features produced by the action of running 
water. 
1.1.2 Development of the Concept of Fluvieil Morphology : 
The first in i t ia t ive of a systematic s tudy of the fluvial 
processes was undertaken by J. Hutton in 1778-'95 (Thornbury, 
1959) followed by J. Playfair in 1802 and Hitchccck in 1833 
(Miller, 1970) . All of them worked on the processes of fluvial 
errsion and r iver t e r r ac ing . By about 1860 Sir. Andrew Ramsay 
and Sir. Charles Lyell s tar ted to a t t r ibute more significance to 
fluvial processes while discribing the causes of marine erosion. 
The concept of r iver system and i t s geomorphic significance has 
never been more beautifully expressed than Playfair (Thornbury, 
1959). Hutton, (1725-1797) recognized marine as well as fluvial 
errs ion, but Playfair gave most attention to the development of 
valleys by s t reams. In 1862, J .B. Jukes vrrote an important 
paper on the r ivers of southern I re land in which he recognized 
the existence of two main types of streams and his ideas 
regarding the development of streams have become basic in 
philosophy of fluvial morphology. In North America Zittel (1901), 
Powell (1834-1902), Gilbert (1843-1918), Du;ton (1341-1912) and 
Davis (1850-1934) were the pioneer geomorphologists v/ho worked 
on the many aspects of running water, espec ia l ly on their 
processes and products (Thornbury, 1969) . Powell devoted much 
attension to the resul ts of stream erosion and Gilbert analyzed 
the importance of l a t e ra l p lana t ion by strea—s in the development 
of va l l eys . V/.M. Davis, while discussing his famous 'Theory of 
Cycle of Erosion' c r i t ica l ly analyzed the var ious erosional na ture 
of streams and consequent landforms. Following Davis (1900) 
Penk (1920), Fenneman (1939) and Hack (1950) worked 
substant ia l ly on the action of r ive r s and running water. 
Remarkable advances ' in the application of ana ly t ica l 
and experimental techniques to the study c: running water and 
its effects have been made in the past few decades. In 1964, 
Leopold, Wolman and Miller 's famous 'F luv ia l Processes in 
Geomorphology' appeared on the scene and gave a new orientation 
to the discipline (Leopold, et a l . , 196-). They emphasized 
geomorphic process ra ther than the history of landforms. 
Although the authors did not minimize the i -por tance of his tor ical 
geomorphology, they had taken a quant i ta t ive and experimental 
approach based on field and l a b . research . Prior to this work, 
R.E. Horton brought out his wel-known paper on fluvial morpho-
metry in 1945 (Horton, 1970) . In the paper Horton tr ied to 
quantify var ious morphometric aspects of erosional development of 
s t reams. He contributed several ar t ic les on var ious other aspects 
of running water . Since the f irs t appearance of 'F luvia l 
Processes in Geomorphology' of Leopold, et a l . , scores of va luable 
ar t icles and books have been published on the various 
fluviomorphic aspects and by now this sub-field is almost an 
established branch of geo-sciences. Progress in both the applied 
and conceptual sides of the subject is also gaining inpor tance. 
1.2.3 Fluvial Morphology in India : 
F luvia l morphology has not received the attention i t 
deserves from Indian geomorphologists. Most of the work is 
confined here to drainage basin or dra inage network analys is 
from the maps, identification of the dra inage pa t te rn , and their 
tectonic control. The study of fluvial morphology star ted to 
develop in the sub-continent after the pubblication of Leopold et 
a l ' s 'F luv ia l Processes in Geomorphology' (Diksit, 1983;. 
In Ind ia geomorphologists concerned more with dra inage 
pat terns and their evolution. Here some au thors , notably the 
geologists gave much importance to hydrography than fluvial 
processes. Chatterjee (1947) wrote on r iver problems of Bengal 
and subsequently in collaboration with Bagchi (195?) on the 
hydrographic aspects of 'Adiganga B h u n i ' . Kayas tha ' s v/ork on 
the Himalayan Beas Basin falls in the same category (Kayastha, 
1958) . Almost a l l of these s tudies involve dra inage character is t ics 
studied mainly qua l i ta t ive ly . They also studied floodplains in 
the l ight of fluviomorphic s tud ie s . Ahmad's account of the 
Indian dra inage appeared in 1965 (Ahmed, 1955). While 
speculating on the evolution of the present d ra inage , he gives 
example of different types of dra inage s tar t ing from the two major 
c lasses , v i z . . Dendritic and lit'ellic to Radial and Pinnate . His 
took 'The Ganga — A Study in River Geography' does not claim 
to be a geomorphological work, alothoug it contains aspects l ike 
r iver profi les , t e r races , meanders and r iver regimes which are 
obviously geomorphological in na ture and scope. Although the 
Vi^ ork lacks ana ly t ica l fervour, i t gives an excellent and v/ell 
documented introduction to the f luvial morphology of the Ganges 
Basin. 
In the recent years some geomorphologists and 
hydrologists of West Bengal have contributed subs tan t ia l ly to the 
fluvial morphologiccal knowledge. Among them Basu, 
Bandhyapadhyay, Kar and kumar are worth-mention. Basu 
studied some fundamental problems of meander formation with 
special reference to the Bhagira th i River of West Bengal (Basu, 
1957). Kar and Bandhyapadhyay (1974) worked on 
micro-geomorphology of the r i l l s mechanism. Kumar (1971) worked 
on the dra inage morphology of the eastern Ranchi Plateau and 
Eurha Basin. Kumar and Pan(dey (1977) made numerical ana lys is 
of small d ra inage basins of Hazaribagh Plateau por t raying their 
chief morphological charac te r i s t i c s . Peshv/a and Desai (1978), 
t-,70 other geographers contributed significantly to the study of 
fluviomorphological aspects in I n d i a . Peshv/a worked on the Son 
valley dra inage in 1978 and Desai along with Peshwa further 
v/orked on the drainage anomalies in west coast of the Peninsular 
India in the same year . Singh (1989) discussed the dra inage 
pat tern in the highlands of Chhota Nagpur by t rac ing their 
evolution and denudation chronology. Shah (1978) made studies 
on dra inage texture around Rahatgarh in Saugar District in 1978. 
1-2.4 Fluvicil Morpholocry in Pak is tan and Bangladesh ; 
In Pakis tan , the knowledge of fluvial processes 
has not yet gained much importance. A few research works have 
been conducted on some hydro-geomorphic aspects of the Indus 
and other important r ivers of the country. In Bangladesh, a 
country s i tuated in the nor th-eas tern par t of the sub-continent , 
the subject has also been neglected. However, from the las t few 
decades a l i t t le attention is being given to the subject. 
The Bangladesh V/ater Development Board (BWDB) has 
done pioneering work in this connection. It has conducted 
e laborate surveys on the var ious fluvio-morphological aspects of 
the r iver systems of the coungry. Bangladesh V/ater Development 
Board and the River Research Ins t i tu te of the Government of 
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3.=ingladesh are engaged in similar ac t iv i t i es . ' f.'orphological 
features of Major Rivers of Bangladesh ' — an elaborate fluvio-
morphological survey report — has been published by the 
Bangladesh Water Development Board (BV/D3, 1978). Besides 
Bangladesh Inland Water Transport Authority (BIWTA) conducted 
important surveys on the hydrological and morphological s tudies 
of the various important r ivers of the country (BIWTA, 1957) . 
Chowdhury has v/ritten several ar t icles and reports en 
some fluvio-morphological aspects of Bangladesh. In 1951, he 
published an ar t ic le on the types of meandering r ivers of the 
area (Chowdhury, 1961). Another significant work by Chowdhury 
v/as on the g radua l shifting of the courses of the Ganges in the 
deltaic region of the country (Chowdhury, 1964). Khan, an 
engineer and hydrologist , worked on the effects of floods on r iver 
niorphology in Bangladesh in 1974 (Khan, 1978). In 1979, Khan 
published a book on the morphology of the Ganges (Khan, 1979) . 
On the hydrology and morphology of the Meghna, Rahman, another 
hydrologist of the country, has done some studies (Rahman, 
1969). In 1956, Rashid published an ar t ic le on the Januna Flood 
Plains of Bangladesh (Rashid, 1966). Alongvdth various fluvial 
processes he tried to describe different morphological features of 
the Jamuna flood p la ins in his pape r . Rob contributed paper en 
the fluvial morphology of the Ganges delta wherein an attempt 
has been made to find out the changes that have been taken 
place in the r ivers of the delta in the l a s t few centuries (Rob, 
1989-c) . Rahman has vrorked on the var ious process in the main 
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channel of the Ganges (Padma) in Bangladesh (Rahrr.an, 1933). 
Islam worked on the erosionsil processes in the r iver Jamuna 
(Brahmaputra) in Bangladesh (Islam, 1988). 
1.3 EVOLUTION OF DELTAS : MORPHOLOGY AND STRUCTURE 
Deltas are almost completely made-up of the sediments 
brought up by r ivers and s t reams . Moreover, without the 
presence of act ive r iver channels no del ta ic formation is possible. 
Erosional and depositional processes continuously shape and 
reshape the form of a del ta . 
The term 'de l t a ' was f irs t applied to the arcuate, 
fan-shaped deposit formed by the River Nile a t i ts confluence 
with the sea by the early Greek geographer Herodci^us., The 
shape of the t r i angu la r depositional formation between the two 
extreme spl i t -branches of the stem-stream and the confluencing 
water body (sea or lake) resambled the Greek a lphabet , delta 
"ZA", and hence was named after i t (Fig . 1.1). Subsequently, 
similar depositional formations at the mouth of a l l other r ivers 
elsewhere in the world were designated as de l t a s . Barrel l has 
defined delta as ' a deposit, pa r t ly subae r i a l , bui l t by a river 
into or aga ins t a body of s tanding water ' (Bar re l l ' s definition 
quoted by Bagchi, 1944), v/hile Moore and Asquith (1?71) define 
delta as a feature of subaer ia l and submerged sedimentary mass 
deposited in the large body of water pr imar i ly by the action of a 
r iver . The Encyclopedia Americana (1956) defines delta as 
F i g . 1.1 : Sketch Maps of the Deltas of the Ganges, Miss iss ippi and 
Mahakan Rivers 
Source : R e a d i n g , H.G. , (1930), Sed imenta ry 
E l s e v i e r , New York. 
Envi ronments and F a c i e s , 
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' a t i - c t of land t r i angula r in shape, generally formed by the 
deposit of r iver sediment, especi^ally at the mouth of r ivers which 
flow into lakes or s e a s ' . 
In geological context, the word ' d a l t a ' includes more 
than t r i angu la r - shaped land area at the mouths of r ive r s 
entering the sea . The outlines of the land built by many del tas 
are not t r i a n g u l a r . Moreover, a few deltas have not buil t any 
land, yet, they consist of bodies of sediment tha t have been 
accumulated close to, but ent i rely below sea- level . Still other 
del tas are bodies of sediment tha t were deposited in l a k e s . 
Therefore, as far as a geologic definition is concerned, the 
shapes of r iverbui l t land a r e a s , or even the existence of 
r iverbui l t l and , are not c r i t ica l factors , nor is the sea (Le 
Blanc, 1975) . In a general sense, the individual unit of ' d e l t a ' 
can be defined as a lobate body consisting of sediment tha t has 
been t ransported to the end of the channel by a current of water 
and deposited a good deal of i t subaqueously but pa r t ly 
subaer ia l ly , a t the margin of the s tanding water into which the 
channel discharged or is s t i l l d ischarging (Moore and Asquith, 
1971). I t will thus be seen tha t a ' d e l t a ' means tha t portion of 
r iver ine deposit demarkated on one side by the sea or lake in 
which the s i l ta t ion is made and on al l other sides by the 
d i s t r ibu ta r ies of the stream, its apex being at the point from 
which the spl i t t ing of the stream beg ins . 
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1.3.1 Factors Influencing the Formation of a Delta : 
A delta is formed when a r iver deposits fluvial 
sediments at i t s mouth at a ra te faster than that by which it can 
be removed by the marine processes, and almost a l l the del tas 
exhibit some common s t ruc tura l and morphological charac te r i s t i cs . 
At the same time deltas are being influenced by many var iab le 
factors . Friedman and Sanders (1978) have grouped these 
var iab les as follows : (1) the channel and i t s d ischarges , (2) 
the water in the bas in , (3) climate, (4) tectonic movements, and 
(5) nontectonic delevel ing. 
1.3.1.1 Channel Size and Discharges : 
The channel or r iver is one of the essent ial factors in 
a delta without which there would be no de l ta . All large deltas 
a re formed by the sediments discharged from a r ive r , which is 
actually divided into many d i s t r ibu ta ry channe ls . In delta 
building processes channels of a l l s izes, l a rge and small, 
estuarine r ivers and smaller spil lover channels on a beach with 
varying widths and depths contr ibute in varying capaci ty . All 
the channels discharge water and sediments. These discharges 
include two contrast ing loads , the suspended and the bed loads . 
The proportions of sed i -en t t ransported in both the loads exert a 
significant control on the deltaic complex. In the deltaic land 
a l l the channels flow ever the sediment released from them. I t 
has been observed tha t , l a rge del tas consist of terrigenous 
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sediment, v/hile, small del tas are buil t by a complex c:mposition 
of silts and other loads . Smaller t ida l channels constitute these 
de l t a s . 
1.3.1.2 Water Quality and Hydrology : 
The quali ty of water and hydrological charac ter i s t ics 
in the basin influence the formation of a delta in many ways . 
The major factor is the density and its spa t ia l va r i a t i cn in the 
channel and the estuarine sea where the stream debouches into 
i t . If the density of the water and suspended sediment 
discharged from the channel is the same as that of the water in 
the bas in , then the chief effects are the spreading , slovdng down 
and diffusing of the entering water . Normally the flow is 
d is t r ibuted . At the surface, the water flows away from the 
channel , v>rhile at the bottoms, the flow is toward the channe l . 
The bed load may accumulate on a steep slope at the angle of 
repose of the pa r t i c l e . If the density of the water released from 
the channel is significantly less than that in the bas in , near the 
end of the channel , a density s t rat i f icat ion will be eszablished 
and as a resul t the bed load stops at the l ip of the sa l twater 
wedge; silt and clay accumulate on the channel floor beneath 
the sa l twater . 
The movements of the water in the basin result from 
the action of waves, t ides , and var ious local changes of level 
associated v/ith storms and of the regional oceanographic se t t ings . 
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The interact ions among channel d ischarges , waves and tides are 
major factors in determining the shapes of 'marine de l t a s ' , v i z . , 
del tas bui l t into the sea (Friedman and Sanders, 1973) . The 
depth of water in the basin affects the formation of a delta in a 
signif icant vfay. Depth determines the ra te of forward growth. 
The same quant i ty of sediment would build forward a deltaic lobe 
r ap id ly in ' shal low' water but less r ap ide ly in ' deep ' v/ater. 
1.3.1.3 Climatic Influences : 
The climatic factors influence water regime in both the 
dra inage network and in the basin of deposition (sea or lake) . 
The amount and distr ibution of r a in f a l l regula te the n a t u r a l 
p lan t cover, and th i s , in tu rn , affects the yield of sediment per 
unit a r ea . The amount and dis t r ibut ion of ra infa l l determine 
both the base flow and flood discharges of r i v e r s . On a delta 
bui l t by a la rge r iver , water is abundan t . Seasonal va r i a t ion 
in temperature and ra in fa l l also effectively influence the 
formation and growth of a de l t a . 
1.3.1.4 Tectonic Influences : 
Both the supply of sediments from the catchment a reas 
and the general settings in v/hich a delta groves can be 
influenced by tectonic movements. Due to some physical factors 
deltas are always associated with subsiding regions. As the 
land surface gradual ly subsides , many r ivers are able to deposit 
sediments on thair channel floors and on na tura l levees and are 
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thus aggraded upwards as fast a; the land is subs id ing . Once 
large amounts of deltaic sediments begin to accumulate, the 
v/eight of the sediment will tend to cause further subsidence. 
Besides, other factors l ike compaction and var ious 
short-term and long-term changes of water level can influence the 
formation of a de l ta . Compactation causes further submergence. 
Strong cyclonic surges can also cause changes in the water levels 
in a b a s i n . V/hen sea level drops , del tas emerge, and streams 
incise trenches into them. When sea level r i s e s , the deepened 
va l leys become estuaries and later these get filled, deltas begin 
to develop on the more-open pa r t s of the coast . 
1.3.2 Evolution of Delta : Process of Aggradation 
Delta-forming processes a re very complecated, involving 
many in ter re la ted factors, ra ther than a single dominent one. 
The in i t i a l s tage in the evolution of deltas is the bifurcation of 
the mother-channel into major d i s t r ibu ta r ies as i t approaches the 
sea or a l a rge water body. These major d is t r ibu tar ies are 
further spli t into several active minor channels which carry pa r t 
of discharge and sediment load into the sea or l a k e . The 
channels locally work to bui ldup the de l tas and regional 
upliftment or subsidence of sea-bottom provide favourable 
conditions for a rapid growth of de l t as . 
It should be noted that materials carr ied by a stream 
to i t s mouth do not settle al l atonce (Bagchi, 19441 . The time 
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required for then to settle at the bottom var i e s from stream to 
s tream. Under favourable s i tuat ion the discharged sediments 
s t a r t to accumulate towards the deeper par t of the sea-shelf and 
the edge-slope of the prograding del ta surface begins g radua l ly 
to f la t ten. The development of a gentle surface slope in i t i a tes 
spl i t t ing of the channel network some distance upstream of the 
active del ta-front . Here the bifurcated channels become shallow, 
wide and less inclined towards i t s gradient slope. Gradually 
these active d i s t r i b u t a r y channels lose the i r identi ty by 
continuous s i l ta t ion. This channel fai lure subsequently creates a 
nev/ d i s t r ibu ta ry system in the region. As a consequence, 
var ious platform bedding s t a r t to develop and over these 
progradding beds the process of s t ream-lengthening takes p lace . 
Moreover, floods in active d i s t ibu ta ry channels buildup n a t u r a l 
levees . Simultaneous deposition of sediments at the outlet of 
d i s t r ibu ta ry channels elevates the level of the delta surface. 
This has an effect on channel aggradat ion and increase in the 
frequency of overbank flo;vs. These frequent overbank floodings 
cause subsequent r ise in the height of local na tu ra l levees which 
are higher than surrounding a reas an a l l these occurrences 
g radua l ly give shape to a complete delta (Fig. 1.2). However, 
the process of channel shifting and channel sp l i t t ing continues 
and thus the form and size of the aggraded delta continues to be 
changed with the passage of time. 
The first scientific paper on the process of the 
evolution of delta was presented by Gilbert in 1885 (Bhuiya, 1983). 
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Nevin and Turner (1927) have jointly invest igated into the 
s t ruc tura l formation of de l t a s . Their joint invest igat ion reveals 
tha t , under different conditions of environmental contexts different 
sets of s t ruc ture l beds with different angles of resc are formed. 
In 1953, Bates formulated his famous 'Jet Analogy-
Theory' re la ted to the ra t ional theory of del ta formation (Ba-.es, 
1953) . Bates formation is that the pa t tern of deposition which 
resul ts in the formation of del tas is closely re la ted to the patrern 
of jet diffusion. Bates postulated tha t three t^'pes of inflow, 
each defined by the re la t ive differences of density of r iver water 
to tha t of the bas in , would resul t in a pa r t i cu l a r type of deltaic 
formation. Scruton, on the bas i s of empirical data from the 
mouth of the Mississippi, reported tha t the effect; of waves and 
currents was much more pronounced in the process of delta 
evolution (Scruton, 1955) . 
Chorley and Abraham -^ two eminent ceomorphologists 
have also contributed to the study of del ta fcrmation. They 
highlighted the process and forces of those influence the genesis 
and growth of de l t a s . Vv'olman, Leopold and Russel have also 
contributed to the theories of the deltaic formati tn (Wolman and 
Leopold, 1957 and Russel, 1967). Bonham, et a l . (1957) 
developed a computer simulation model for del ta ic deposition 
uti l izing the jet analogy, which essential ly dealt with the 
var iab les important in the constructive phase c: delta. Their 
findings suggest that the shape and the foreset sltpeof the delta 
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depend on the discharge and the size of g r i l l s of sediments in a 
channel . Russel ' s opinion (1957) regard ing the origin of deltas 
states that the outflov/ of the stem-stream of the r iver system 
continues forward as a resul t of the in i t i a l momentum and extends 
l a te ra l ly into a lake or sea because of discontinuity of 
confinement imposed by the fixed banks of the r i ve r . The 
forceful outflow increases the a rea between channels of most 
intense turbulence . He further explains t ha t , the exchange 
process sends most of the entrained materials towards the margins 
of calm water , which then bui ld submarine levees on the 
outersides of each channels . He also points out tha t the f laring 
of outflow is associated with the widening of the mid-channel 
water area where decrease in velocity of flow is evident . As a 
r e su l t , deposition occurs at the mid-channel , creat ing a shoal . 
The channel sp l i t s around the shoal into two d i s t r ibu ta r i e s , each 
of which develops i ts marginal flow-lines of maximum turbulence. 
The process of subdivision of each new channel , according to 
Russel, continues in geometric progression along with the growth 
of delta, if not negatively affected by wave action or shore 
currents (Russel, 1957). 
1.3.3 Structure and Morphology of Deltas : 
Deltas are three dimensional features which grow not 
only outward but also dov/nwarc. Morphologically they are not 
very different from the floodplains. However, they are bounded 
by the outermost d i s t r ibu ta r ies and may shift their position from 
time to time. 
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when a stream debauches itself into a lake :r sea the 
velocity of i ts current is wholly or largely checked and the 
sediments are finally deposited. According to Gilbert, the 
capaci ty and competence of a stream to t ranspor t detri tus in the 
function of the velocity of i t s current (Gilbert, 1385) . A 
fast-flowing stream is both capable of carry ing a la rge amount of 
fine material and is competent to t ranspor t material of greater 
coarseness than a slow stream. Some of the l a rge deltas of the 
world have been formed in the lakes or enclosed seas . Thus the 
del tas of the Nile and the Rhone have been buil t in the 
Mediterranean sea, and those of the Danube and the Volga in the 
Black sea and the Caspian sea, respec t ive ly . The extensive delta 
of the Mississippi River is bui l t in the Gulf of Mexico. The delta 
of the Ganges River, on the other hand is a conspicuous example 
of a l a rge delta being formed in the face of considerable t ida l 
action (Galloway, 1975) . Structure of these l a rge r deltas is 
bas ica l ly different from those of smaller lake deltas (Ri2vi, 
1953). 
Friedman and Sanders (1978) have identified some 
s t r a t i g r aph i c uni ts formed by deltaic deposits in response to 
three f i rs t -order processes : 1) Prograding, or forward advance; 
2) Aggrading, or upbuilding, which is possible only above those 
p a r t s of a delta that have previously prograded; and 
3) Transgress ing , which takes place when the effects of waves, 
chiefly, and submergence predominate, and the top of the delta is 
reworked. In fact, all these processes may be going on 
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simultaneously somewhere in a huge marine de l ta . 
The shape and size of deltas va ry enormously. 
S t ra t ig raphica l ly three major types of del tas can be identified, 
v i z . , 1) del tas composed largely of the channel ' s bed-load 
sediments; 2) de l tas composed largely of the channe l ' s suspended-
load sediments including prisms of bed-load deposits (not over 
th ickened) , and 3) deltas composed largely of the channel ' s 
suspended-load sediments including overthickened pods of bed-load 
deposits t h a t ' c o l l a p s e d into a hydroplast ic substratum (Friedman 
and Sanders , 1978). 
I t ha s been observed tha t a del ta i s formed when a 
r iver deposits f luvial sediments at i t s mouth at a ra te faster 
than tha t by which i t can be removed by the marine processes,and 
almost a l l the de l tas exhibit some common s t ruc tura l and 
morphological charac te r i s t i c s . 
From the morphological points of view the overal l 
configuration of the delta resul t s from differnet geomorphic 
environments which influenc i t . In a del ta one can recognise 
three major a reas of geomorphic if luences. The upper delta zone 
which exhibi ts a strong fluvial environment; the intermediate zone 
shows both f luvial and marine influences and the lower zone 
bears a clear marine coastal influence. The in terac t ions among 
channel d ischarges , waves and tides are major factors in 
determining the shapes and morphology of marine del tas which 
are buil t into the seas (Galloway, 1975). On the bas is of the 
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(a) role and dominance of channel d ischarge , (b) action of v/aves 
and tides and (c) contribution of r ivers and seas , Galloway (1975) 
has categorized the l a rge r del tas of the v;orld into 1) River-
dominant del tas , 2) Wave-dominant deltas and 3) Tide dominant 
del tas (Fig. 1.3). The modern Mississippi del ta belongs to the 
river-dominant type . Generally this type of del tas become 
elongated in shape. The del tas of the Nile and Rhone belong to 
the wave-dominant type and the action of s t ronger wave-energy 
makes these del tas lobate or caspate in form. The del tas of the 
Ganges and Colorado r ivers are of the tide-dominant type. 
These are formed into an embayed si tuat ion by t i da l cur ren ts . 
Hov/ever, other factors of the delta-formation work jointly to give 
shape to these de l t a s . Among these factors , Morgan has 
recognized the four dominant geomorphic v a r i a b l e s which in 
various combinations produce a great va r ie ty of deltaic 
morphology, i . e . , a) the r iver regime, b) coastal processes, 
c) s t ruc tura l behaviour, and d) climatic regime (Sharma, 1986). 
In a typica l delta var ious geomorphic features can be 
observed. In the upper and intermediate zones of a del ta , active 
and defunct d i s t r ibu ta ry channels , na tu ra l levees , cravasse 
sp lays , point - b a r s , swamps, s t randl ines and dunes are seen. 
Sulmerged levees, mouth-bars , sp i t s , i n t e rd i s t r ibu ta ry bays , 
swamps and mud-flats are the charac te r i s t ic features of the lower 
zone of a del ta . 
-'•According to the findings of the present study the Ganges delta 
is catagorized into the r iver dominanted one. However, the role 
of tides and marine actions in the formation of th is delta is not 
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F i g . 1.3 : T r i a n g u l a r C l a s s i f i c a t i o n of Del ta ic Deposi t ional Systems of 
the World 
SEDIMENT INPUT 
WAVE ENERGY FLUX TIDAL ENERGY FLUX 
LEGEND : 
1. 
2 . 
3 . 
h. 
M i s s i s s i p p i 
(Modern) 
Po 
D a n u b e 
Ebre 
Source : Gallovv 
5. Nile 9 . Copper 
6. Grinoko 10. Mekong 
7. Rhone 1 1 . Colorado 
8. Sao F r a n c i s c o 12. Yalo 
13 . Fly 
14. Ganges 
15. M a h a k a n 
16. Yokon 
l loway , W.E . , (1975), "Del ta ic Depos i t i ona l System" ( e d . ) by 
B r o u s s a r d , M . L . , Houston Geological Soc ie ty . 
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F i g . 1 .4 : D i f f e r e n t T y p e s of D e l t a s A c c o r d i n g to t h e S h a p e of F o r m a t i o n 
i l l ) LOBATE TYPE (DANUBE DELTA) 
i ) ESTUARINE TYPE (FLY DELTA) 
i v ) ELONGATE TYPE (MISSISSIPPI DELTA) 
i i ) CUSPATE TYPE (SAO FRANCISCO DELTA 
Source : R e a d i n g , H.G. , (1980), Sed imen ta ry Env i ronments and F a c i a s , 
E l s e v i e r , New York. 
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Form or shape of the del tas can be classified as 
a rcua te or fan-shaped (the Nile Delta) , lobare or digi ta te or 
b i r d ' s foot (the Mississippi Delta), and cuspate (the Tavere 
Delta) . There are some deltas which do not resamble any of 
these forms and some exhibit ra ther complex forms and structures 
(Fig. 1.4). 
Gilbert has subdivided the formation of the sedimentary 
strataof ordinary deltas into foresets — consist ing of the coarser 
materials showing the advancing front of the delta, 
bottomsets — consist ing of the finer mater ia ls carried farthest out 
to sea and topsets — lying above the foreset, forming a 
continuation of the a l luvia l p la in bordering the delta (Gilbert, 
1885/Fig. 1.5). 
Based on the thickness of the bed -load sand two major 
types of del tas can be recognized, i . e . , 1) deltas in which the 
prisms of bed-load sand are of normal thickness, where the 
thickness of the channel-floor sand bodies a re determined by the 
flood discharge of the stream and 2) del tas in which the bed-load 
sand forms pods that are unusually thick, because the bed-load 
sand founders into the thick, f ine-grained hydroplast ic delta 
deposi ts . 
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Fig- 1.5 : Sedimentary Strat i f icat ions in an Idea l Deltaic Formation 
DELTA PLAIN J SEA LEVEL 
T » Topset F = Foreset B = Bottomset 
Source : T w i d a l e , Ana lys i s of Landforms> 1976. 
C H A P T E R -
GANGES DELTA : THE AREA OF STUDY 
2.1 GANGES DELTA : GENERAL CONSIDERATIONS 
The Ganges d e l t a i s the w o r l d ' s l a r g e s t de l t a a n d i t 
occupies the lower p a r t of the Benga l B a s i n . This d e l t a i s 
l oca t ed a t t h e n o r t h e r n a p e x of the Bay of Benga l and i t s a r e a i s 
confined wi th in the B h a g i r a t h i - H o o g l i r i v e r in t h e west and the 
Padma-Meghna e s t u a r y in the e a s t . The n o r t h e r n b o u n d a r y of t h e 
d e l t a i s de l imi ted by the main c h a n n e l of t h e Ganges or the 
Padma (Podda) i t se l f . 
The Del ta of t h e Ganges covers a t o t a l a r e a of 
60,500 sq .km in B a n g l a d e s h a n d West E a n g a l ( I n d i a ) . A c t u a l l y , 
the d e l t a h a s come in to e x i s t e n c e by t h r e e migh ty r i v e r s of the 
r e g i o n , t he Ganges , t he B r a h m a p u t r a and the Meghna . Th i s huge 
t r a c t of a l l u v i a l l a n d h a s been deve loped a t the s o u t h e r n po r t ion 
of t h e Bengal Bas in by the combined d e p o s i t i o n a l a c t i v i t i e s of the 
Ganges , i t s v a r i o u s d i s t r i b u t a r i e s a n d the o the r l a r g e a n d s m a l l 
s t r e a m s of the r e g i o n . I t shou ld b e mentioned t h a t t he Ganges 
d e l t a i s a l so d e s i g n a t e d a s the ' G a n g e s - B r a h m a p u t r a De l t a ' 
(Miah,1975) or the 'Ganges -Brahmapu t ra - iMeghna D e l t a ' ( P r a m a n i k , 
1983) . But as the role of the Ganges in the format ion of the 
d e l t a i s dominant and for the fact t ha t the B r a h m a p u t r a a n d 
Meghna h a v e become two t r i b u t a r i e s to the Ganges in the 
r e g i o n - - t h e i r c laims to the a s s o c i a t e d \'/ith t h e d i s i g n a t i o n of 
The Ganges i s ca l l ed ' G a n g a ' in I n d i a and ' P a d m a ' in B a n g l a d e s h . 
The r i v e r i s a lso known a s ' P o d d a ' among the n a t i v e people of 
B a n g l a d e s h . In i t s lower courses the 3anges (Padma) i s merged 
with the Meghna and flov/s a s the Meghna to the Bay of B e n g a l . 
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The delta have become ins ignif icant . Considering this aspect 
Bagchi (194'!') and Rob (1989-a) have at t r ibuted the del ta to the 
Ganges only. 
The del ta ic characters and features are restr icted to 
the t r ac t of the bas in ( i . e . , Bengal Basin) south of the Ganges-
Padma betv/een Bhagirathi-Hoogli on the west and the 
Padma-Meghna on the ea s t . This delta is a t r ac t of vas t 
a l luv ia l flat roughly resambling the Greek let ter " A " (delta) and 
commences at the off-take of the Bhagira thi near Gaur of 
Murshidabad dis t r ic t in West Bengal ( I n d i a ) . 
VJith r e g a r d to i t s geographical location, the apex of 
the Ganges delta is a t la t i tude of 24°40' N and 88°0' E longitude 
and the extremity stretches as far down as 21°30' N la t i tude . 
The longi tudinal extension of the base of the del ta is from 88° E 
to 91°50' E longitude (Fig. 2 .1 ) . 
The del ta stretches over a vast area in the 
south-western pa r t of Bangladesh and the southern pa r t of West 
Bengal of India and is formed in the northern p a r t of the Bay of 
Bengal where the Ganges the Brahmaputra and the Meghna — three 
mighty r ivers plunge into the sea . The shape of this a l luv ia l 
t r ac t is t r i angu la r and the western limit of the delta stretches 
along an almost uneven north-south line while the eastern limit 
has entered deep into the south-eastern Bangladesh giving the 
d e l t a ' s eastern limit a north to south-easter ly boundary . The 
northern apex of the delta is narrower and widens g radua l ly 
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F i g . 2 .1 : Geograph ica l Loca t ion of t h e Ganges Delta 
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Source : Rob, M.A., (1989), F l u v i a l Morphology r: the 
Gange t ic Delta ( U n - p u b . M . P h i l . T h e s i s ) , A . r L U . , 
A l i q a r h , I n d i a . 
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tov/ards the south following a r a the r south-eas ter ly direction. 
The shape of the southern par t of the delta is arcuate and this 
line is extended from west to eas t touching approximately the 
same pa ra l l e l of l a t i tude . But th is southern extremity of the 
coastal par t of the Ganges delta forms a long stretch of broken 
and estuar ine t r ac t criss-crossed by numerous d i s t r ibu ta r ies of 
the Ganges. The apex of the del ta is locted at the off-take of 
the Bhag i ra th i , some 480 km from the Bay of Bengal where the 
gradient of the Ganges is 9.0 cm in 1.0 km and the delta l ies 
between the Bhagirathi-Hoogli on the west and the Padma-Meghna 
on the eas t . 
The Ganges delta is not a single del ta and not a l l 
pa r t s of the t r a c t known as the Ganges del ta have formed by the 
commonly assumed process of r iver ine a l luvia t ion a t or near the 
base level of erosion. Both physiographic and tectonic evidences 
indicate that a substant ia l pa r t of i t had formed by recession of 
the sea concomitent with upliftment of the basement complex of 
Bengal Basin during the Pleistocene period (Sengupta, 1966) . The 
major delta unit of the Ganges alongwith a number of similar 
del taic smaller uni ts formed by the numerous r ivers falling into 
the Ganges d i s t r ibu ta ry system have togather formed the complex 
system of the Ganges delta (Basu and Chakraborty, 197G-a) . 
During the last few centuries the Ganges and i ts 
d i s t r ibu ta r ies have been playing v i t a l role in the formation and 
evolution of the de l ta . Besides, the role of the Bay of Bengal in 
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the formation and tne evolution of the del ta can not be igr.ored. 
The southern par t of the delta is influenced hy maritime 
environment and is characterized by low v/ave energy, high t idal 
range normally low l i t to ra l drift and a narrow bas in resul t ing in 
the formation of finger-like depositional features pass ing off-shore 
a reas into alongated t i d a l current r idges of the Bay of Eengal 
(Pramanik, 1983) . Coastal and marine processes are very active 
in the delta and high tides in the Bay of Bengal have given r ise 
to an extensive t idal plain of predominately fine grained 
sediments and this is why Galloway (1975) and Reading (1980) 
have classified it as the ' t ide dominated de l ta ' . 
The shifting courses of the r ivers of the Ganges delta 
exhibit another typical charac ter i s t ic of the del ta r ive r s . The 
delta was buil t west to east from eas t of the poinz where the 
Ganges enters the Bengal Basin (v i z . , eas i of the Rajnahal Hil ls) . 
The successive deltaic deposits l ie p a r a l l e l to the main 
d i s t r ibu ta r ies of the Ganges (Coleman, 1969) . This may be 
assumed tha t the del ta grew by forming successive overlapping 
lobes. According to Bagchi (1944) and Chowdhury (1954; the 
main channel of the Ganges shifting towards eas t changing i t s 
former channels , the Bhagirathi-Hoogli and the Bhairab, and 
presently the main channel of the Ganges is flowing diagonally 
towards south-east through the Padma of Bangladesh and meets 
the Meghna River at the eastern p a r t o: the del ta and finally 
debouches onto the Bay of Bengal as a huge es tuar ine channel 
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F i g . 2 .2 : Satel l i te Imagery of the Ganges Delta 
Source : LANDSAT, MSS Dand-7 a 9 7 7 - ' 7 8 ) 
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after the name of the Meghna. 
The Ganges delca comprises a vast fertile and populous 
landmass of West Bengal ( India) and Ban-jladesh (Fig. 2 .2) . 
More than 60 million people inhab i t this del ta ic t rac t and 
agr icu l ture is the mainstay of the majority of the population. 
Large cities and towns like Calcut ta , Khulna, Bar isa l , Jessore, 
Fa r idpur , Nadia e tc . have f lourished here . The de l ta - r ivers act 
as sources -of i r r iga t ion and water supply for the agr icu l tu ra l 
pract ices in the a r e a . Besides, the active channels of the 
del taic region also serve as nniajor communication l inkages . The 
Sundarbans , one of the world ' s l a rges t mangrove forests is 
s i tuated in the southern coastal p a r t of the de l t a . The forest 
bears immense economic as well as ecological significance in the 
region. 
The fluvio-maritime geomorphic processes are active in 
the delta and erosional and depositional processes of both fluv-
ia l and marine origions have been functioning in the region. 
The major r ivers l ike the Ganges, Brahmaputra and Meghna drain 
a huge volume of water to the Bay of Bengal over this deltaic 
t rac t (Table 7 .3 ) . The total catchment area of these r iver 
systems is about 1.55 million sq.km (Fig. 4 .1 ) , The r ivers are 
t ida l near the sea with £ maximum t i da l range of 6.7 m (BWDB, 
1935). The discharge of water dur ing flood exceeds 1.7 million 
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m /sec and car ry about 2.4 bill ion tons of sediments annual ly 
(Coleman, 1968 and Miah, 1975). The delta r ivers carry about 
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1500 m.a.f. ( i . e . , million acre feet) of run-;ff water to the Bay 
of Bengal every year of which only less ihen 100 m.a.f. of 
run-off v/ater is generated by ra in fa l l within the deltaic region 
(BWDB, 1935). 
The northern portion of the del ta is facing an acute 
d ra inage fai lure while the southern par t experiences increasing 
soil s a l in i ty . In the estuarine eastern pa r t of the del ta , a huge 
accretion is t ak ing p lace . Besides, the main channels of the 
del ta are decaying gradual ly (Rob, 1989-a and Bagchi, 1944). 
Moreover, the average elevation of most of the p a r t s of the delta 
is very low. The gradual deter iorat ion of the ecological balance 
in the region and rapid depletion of the ozone-layer in the 
atmosphere of the earth have threatened the del taic coast of the 
Ganges with a future size in the sea-level which might engulf 
most of the del ta ic a reas by turn of the century (Brammer, 1989). 
These requires an elaborate morphological study of the Ganges 
de l ta . 
2.2 DELIMITATION OF THE GANGES DELTA : 
There exists a controversy regard ing the exact 
boundary or delimitation of the Ganges de l ta . However there is a 
general agreement among the geographers and geologists that the 
de l t a -a rea l ies within the lower p a r t of the Bengal Basin and it 
extends upto the Bay of Bengal. But dissension ar i ses out of the 
exact inland limits of i t . The extent of the del ta has been 
defined and estimated in var ied v/ays by different scholars and 
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au thors . Owing to the lack of proper appreciat ion of 
morphological, s t ruc tu ra l and hydrological character is t ic of the 
del ta ic regions there are different views with regard to the extent 
of the Ganges ' delta (Fig. 2 .3 ) . 
Charles Lyell (1889) f irs t tried to delimit the Ganges 
de l t a . He called it the 'Ganges and Brahmaputra d e l t a ' . He 
considered tha t the Ganges delta had two heads and the delta 
was the product of the two r ivers - - the Ganges and Brahmaputra. 
According to Lyell, the limits of the delta cover the areas north 
of the Padma, the Ganges-Brahmaputra Doab, the Meghna-
Brahmaputra valley and the Pliestocene terraces of the Bengal 
Basin . Lye l l ' s inclusion of the North-Bengal, the Eastern Bengal 
and the flood p la ins of the Brahmaputra and the meghna r ivers 
within the del taic te r r i to ry has no scientific jus t i f ica t ion . His 
inclusion of the Pliestocene old-alluviam terraces is not based on 
any explanat ion. 
Mukerjee (1938), in his book 'Changing Face of 
Bengal ' has quite a r b i t r a r i l y included the vrhole pa r t of eastern 
Bengal lying in the east of the Jamuna (Brahmaputra) , whereas 
without ass igning any va l id reason he has excluded the distr icts 
of Barisal and Far idpur from his delimitation of the del ta . 
Moreover, he has divide the delta into ' the Old de l ta ' and 'the 
The name of the d is t r ic t s of the del ta ic region referred in this 
thesis necessari ly indicates the former or greater d is t r ic ts of the 
del ta ic Bengal region. 
39 
Nev/ de l t a ' v/hich also does not bear any scientific b a s i s . 
Although Fox (1942) has jus t i f iably considered the eas tern and 
the v/estern l imits of the del ta - - he failed to delimit the correct 
nor thern extent of the delta and erroneously included the a reas 
from the Rajmahal to the sought of the Shillong Plateau a s p a r t 
of the de l ta . 
Chatterjee has excluded the most active p a r t of the 
Ganges delta including Far idpur and Bar isa i d is t r ic t s of 
Bangladesh from the limits of the delta (quated in Bagchi, 1944) . 
His delimitation lacks scientific v a l i d i t y . 
Despite the fact that Strickland (1940) did not 
incorporate the northern a l luv ia l cones and Pliestocene te r races 
within his demarcation lir.e he has incorrectly included p a r t s of 
the flood p l a ins of the Ganges, Brahmaputra and Meghna within 
his del ta boundary . 
According to Bagchi (1944), "the a rea between the 
Bhagira thi and the Meghna ( i . e . , the combined waters of the 
Ganges and the Meghna) is the only region bounded by the 
d i s t r ibu ta r ies of a r ive r , where physiographic and hydrographic 
charac ters consti tuting a delta are dist inct ly observed". Bagchi 
therefore seperates the nor.-deltaic a reas from the deltaic ones on 
the basis of s t ruc ture , hydrography, origin and landforms. His 
scheme of delimiting the Ganges delta covers a t r i angu la r t r ac t of 
land with i t s apex at Gaur and i t s base , the Bay of Bengal. 
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F i g . 2 .3 : Delimitation of the Ganges Delta by Lyel l , Fox, Mukerjee 
and Bagchi 
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Source : Rizvi , A . I . H . , (195-;), "The Limit cf the Ganges De l t a" , 
Dhaka Unive r s i ty S t u d i e s , D h a k a , 
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Bagchi (1944) does not incorporate the off-shore del taic is lands 
of the Meghna mouth v/ithin his area of the delta and this 
omission seems to be a major flav/ in Bagchi ' s delimitation of the 
de l ta . Excepting this omission his demarcation carr ies scientific 
vel idi ty and is general ly accepteible (Fig. 2 . 3 - d ) . 
Considering the slope, physiography and hydrographic 
charac ter i s t ics of the Boral, Dhaleswari and Buri-Ganga r ive r s of 
Bangladesh, Rizvi (1954) has incorporated a narrow t rac t of land 
lying close to the north of the main channel of the Ganges 
(Padma) within the boundary of the de l ta . Rizvi has a t t r ibuted 
these streams at the left hand d is t r ibu ta r ies of the Ganges and 
Brahmaputra respect ive ly . Rizvi has further assumed that these 
channels are the former courses of the Ganges, but as these 
channels scarcely car ry the Ganges discharge today, and that 
there exists doubt about the contribution of these r ivers in the 
formation of the del taic l and , their inclusion by Rizvi in his 
delimitation of the del ta creates confusion. 
Considering the exist ing physico-hydrological 
charac ter i s t ics of the r ivers and the land a rea of the lovfer 
Bengal Basin the t rue scientific demarcation of the delta can be 
drawn by delimiting the Bhagirathi-Hoogli d i s t r ibu ta ry channel as 
the western l imit , the main Ganges-Padma-Meghna channel as the 
northern and eastern limits and the Bay of Bengal as the 
southern boundary of the de l ta . In this scheme of demarcation of 
the Ganges delta Rizvi ' s 'northern t r ac t ' would be outside the 
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Fi2 .2 .4: The Ac±ual Limits of the Ganges Delta 
Source : The Author's Delineation of the Ganges Delta. 
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delta boundary and Bagchi ' s omission of the Meghna-nio Jth 
off-shore i s lands v/ould be rectified by inclusion of these v/ithin 
the delta ter r i tory (Fig 2 .4 ) . 
2.3 REVIEW OF LITERTORE : 
There are not many studies in the realm of f luvial 
morphology of the Gangetic de l ta . Although the Ganges and i ts 
huge delta had been drawing at tent ion of many t rave l le r s , 
scholars and researchers from ea r ly times, and a number of 
ar t ic les and books are being published on the field in ihe recent 
y e a r s , yet most of the contributions remain confined mainly to the 
descript ive accounts of the area along with some superficially 
done spatio-temporal s tudies of the r ivers and s t r eans of the 
de l ta . In some legends and t r ave l accounts of the ancient 
periods only the geographical location of the Ganges delta and 
course of the r iver were mentioned. However, most studies done 
in the modern period on the Ganges delta incorporate a score of 
aspects ranging from the description of the geological and 
physiographic sett ings of the region to the changes in the courses 
of the de l ta - r ivers and from the study of dernographic 
charac ter i s t ics of the area to the agro-economic act ivi t ies of the 
people of the region. Geologists, geographers , engineers, 
h is tor ians and economists have contributed subs tan t ia l ly in these 
s tud ies . In the very recent years a few researchers including 
geographers have been showing interes t in the hydrological and 
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morphological studies of the de l ta . But unfortunately their 
interest obviously lacks a complete fluvio-morphic approach of 
s tudy. 
In the Rarnayana, sacred book of the Hindus, we 
witness the most ancient mentioning about the lower courses of 
the Ganges. In th is lesendary work we find tha t in the period 
of Valmiki, the author of Ramayana, the Bhagira this was a 
flourishing channel car ry ing the major discharge of the Ganges 
past Rajmahal (Rot, 1989-b) . This book was written 
approximately in 2,000 B.C. Among the other ancient references 
next comes the mentioning of Megasthenes of Greece. In 300 B.C. 
Megasthenes confirmed ihe appearance of the Padma channel along 
with the i s land of the sandwip of the Bay of Bengal (Kalota, 
1978). In A.D. 150, Ptolemy recorded the flow through the 
'Kambysion' mouth near s aga r Is land as the p r inc ipa l channel of 
the Ganges (Chowdhury, 1982-a). This statement of Ptolemy 
however differs from that of Megasthenes who s ta ted that the main 
channel of the Ganges was the present eastern branch and in 
those days this branch would marke the boundary of the delta of 
the Ganges (Chowdhury, 1982-b). Besides these ancient c i ta t ions 
there can be seen some description of the geographical features of 
the Ganges and i t s delta in the writ ings of the mediaeval 
pe r iod ' s Muslim scholars of Arabia or centra l Asia countr ies . 
Among the various studies of the early modern period 
on the drainage netv>-ork and other physical features of the 
Ganges delta the contributions of Major Rennell s t i l l remain as 
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p i o n e e r i n g i n i t i a t i v e s to the s t u d y of the a r e a . After the 
conques t of Benga l by the E a s t - I n d i a Company, Rennel l v/as 
e n t r u s t e d with the t a s k of s u r v e y i n g the r i v e r s and the l a n d . 
He performed h i s t a s k s u c c e s s f u l l y . Even t o d a y h i s work i s often 
r e f e r e d to for compar i son of the d a t a with those of the modern 
o n e s . As outcome of h i s e l a b o r a t e s u r v e y work R e n n e l l ' s famous 
•Atlas of B e n g a l ' was p u b l i s h e d in 1780 (Renne l , 1914) . In t h i s 
a t l a s the Ganges d e l t a i s mapped e l a b o r a t e l y . The g e n e r a l 
s u r f a c e f e a t u r e s of the de l t a a s wel l of the b a s i n a r e depicted 
for the m i d - e i g h t e e n t h c e n t u r y in t h e m a p . In t h e 'Notes on the 
P h y s i c a l Geography of B e n g a l ' - - a commentary on R e n n e l l ' s Atlas 
done by L t . Col . F . C . Mirst (1925) - - e l a b o r a t e d i s c u s s i o n on the 
r i v e r s , f l o o d - p l a i n s , h i g h l a n d s a n d the l o w l y i n g a r e a s of these 
d a y s c a n be seen (Chowdhury , 1982-c) . B e s i d e s , Rennel l himself 
h a s p u b l i s h e d one v a l u a b l e a r t i c l e on the Ganges and the 
B r a h m a p u t r a R ive r s which r e v e a l e d some i m p o r t a n t morphological 
a s p e c t s of the d e l t a r e g i o n ( Renne l , 1781 ) . 
The f i r s t p r e c i s e a r t i c l e on t h e Ganges d e l t a was 
w r i t t e n by B a i r d Smith in 1859 (Smith, 1859) . I t was an a t tempt 
of mere d e s c r i b i n g the d e l t a a r e a from t h e g e o g r a p h i c a l point of 
v i ew . However, the a t t emp t bore v e r y l i t t l e q u a l i t a t i v e accounts 
of the d e l t a r i v e r s , v i z . , t h e i r d i s t r i b u t i o n , c o u r s e s , e t c . The 
next and the most i n d e p t h s t u d y on the Ganges d e l t a of the mid-
n i n e t e e n t h c e n t u r y was made by James F e r g u s s o n (1853) . 
Although h i s p a p e r i s m.ainly a q u a l i t a t i v e a p p r a i s a l of the 
d e l t a , ye t i t encompasses a v a s t scope u n d e r four b road h e a d s , 
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viz. , i) general ccasiderat ions , i i ) physical changes in the 
valley of the Ganges, i i i ) h is tor ical evidence of changes in the 
delta of the Ganges, and iv) increase of the delta seaward. In 
this lengthy study the author has highlighted on szme cr i t ical 
points which, in the l ight of the modern knowledge of Science, 
could not have escaped controversy and cr i t ic ism. These points 
include proposition on oscillation of r ive r s , processes and causes 
of elevation of de l tas , s i l t ingup of the Sylhet-Jheels, gap in the 
eastern seav^ard face of the del ta , retrocesson of junctions of 
t r ibu ta ry streams with main r i v e r s . Moreover, the author has 
added some informative accounts on si l t contents in the Ganges 
waters and the 'Swatch of No Ground' of the Bay of Bengal. 
Besides, his ar t ic le incorporates some nice maps, diagrams and 
t ab les . 
Precise appra i sa l of the deltaic processes leading to 
the development of the spi l l channels and shifts in the river 
courses, find mention in a paper by Thomas Oldham in the 
proceedings of the Asiatic Society of Bengal in 1872 ( Oldham, 
quoted by Begchi, 1972) . 
The following contributions on the var ious aspects of 
the Ganges delta comprise a series of s tudies made by different 
scholars and researchers in the first half of the twentieth 
century. J.'ost of these studies have examined the geological, 
hydrologicsl and morphological aspects of the delta and i t s 
surrounding a r e a s . However, a l l these at tempts wBre ra ther 
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qual i ta t ive as well as descriptive in na tu re . The studies v/ere 
done by the following scholar and researches : 
Major R.H. Colebrook ( 1901 ) , 
E. Vredenburg ( 1908 ) , 
F.D. Ascoli ( 1910 ) , 
C. Adams Williams ( 1918 ) , 
H.G. Reaks ( 1919 ) , E.H. Pascoe ( 1919 ) , V/.H. 
Thompson ( 1S19 ) , 
\1. Willcocks ( 1920 ) , 
R.K. Mukherjee ( 1938 ) , 
C. Strickland ( 1940 ) , 
S.C. Majumdar ( 1942 ) , 
K. Bagchi ( 1944 ) . 
In the beginning of the 20th century Major R.H. 
Colebrook ( 1901 ) published a pioneering paper on the courses of 
the Ganges through Bengal ( Colebrook, 1901 ) . In the ar t ic le the 
author has simply described the courses and the surroundings of 
the different d i s t r ibu tar ies as well of the main channels of the 
Ganges from a geographical point of view. 
The next important study on the geology of the Ganges 
delta v/as done by E. Vredenburg (1908), an eminent geologist of 
the ea r ly 20th century. He presented the paper in a scholarly 
lecture delivered in the 'Hemchandra Memorial Series of Lectures ' 
organized by the Calcutta University ( Vredenberg, 1908). The 
paper presented by Vredenburg was based on the au tho r ' s 
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extensive studies on the geological and tectonic aspects of the 
Ganges and i t s other d is t r ibutar ies along v/ith their resul tant 
de l ta . In 1918, another important study on the r ivers of the 
delta of the Ganges was performed by C. Adams William, the then 
Chief Engineer of the Department of I r r iga t ion of the Governr.ent 
of Bengal ( V/illiam, 1919 ) . William studied the changes in the 
r ivers and thei r courses in a his tor ical perspect ive. His study 
has invest igated the history of the deltaic r ivers from 175G to 
1918 A.D. In the course of his s tudy william found a trend of 
subs tan t i a l changes in the courses of the major channels of the 
delta r i ve r s . This study revealed a significant eastv/ard shifring 
tendency of the main channel of the Ganges while the previous 
courses had been showing noticeable aggrada t iona l developments. 
Besides the contribution of Vredenburg another paper 
dealing with the geological aspects of the del ta region of the 
Ganges was published jointly by Pascoe and Hayden in 1919 
( Pascoe and Hayden, 1919 ) . This work was also based mainly 
on secondary sources of s tudy and obviously maintained a typical 
qua l i ta t ive t radi t ion of those days . 
Ascoli 's paper ( 1910 ) entit led 'The Rivers of the 
Delta' deals primari ly with the hydromorphic aspects of the 
var ious streams of the Ganges delta ( Ascolie, 1910 ) . In the 
paper Asccli has focussed on the ercsional and depositicnal 
processes of the delta r i v e r s . He has tried to concentrate the 
discussion on the shifting nature of the channels cf the a rea . 
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This paper , too, lacks much scientific in terpreta t ion of the 
processes and products of these r i ve r s . 
H.G. Reaks ( 1919 ) contributed signif icantly to the 
knowledge of the delta by publishing a report on the physical 
and hydr^logical character is t ics of the r ivers of the Ganges delta 
( Reaks, 1919 ) . In this report he brought out the resul ts of 
some scientific obsrvat ions. v i z . , the discharges of the various 
delta r ive r s , sediment character is t ics and level of water in the 
major channels of the Ganges de l ta . Moreover, he tried to 
correlated al l these var iab les with the physico-climatological 
condition of the delta region. 
In the next year Sir William Willcocks ( 1320 } was 
invi ted to deliver his Readership Lectures by the University of 
Calcut ta , since published by the same Universi ty, on 'Ancient 
System of I r r iga t ion in Bengal' in which the speaker elucidated 
the significance of r iver alignments in the del ta and elaborated 
on the indigenous character of the overflow system of irrigadlan 
( Willcocks, 1920 ) . In course of his survey Sir, William was 
convinced of the ar t i f ic ia l nature of most of the waterways of 
Bengal which a r e now called deadrivers because of their decaying 
condit ions. Besides, he maintained that these streams has teen 
la id dowr. in position according to a plan and designed to carry 
floodwater of the Ganges and that they could be restored to their 
former prsi t ion at reasonable cost and effort. He also warned 
aga ins t inproper use of these channels leading overflow i r r i gauon 
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in future. This study of Willcocks on the del ta r ivers hov/ever 
can r ight ly be a t t r ibuted as one of the milestones on the studies 
of the Ganges de l ta . 
Another notev/orthy study towards morphological 
approach on the Ganges delta was done by C. Strickland 
( 1940 ) . While discussing the various aspects of the formation of 
de l tas , Strickland made special mention on the hydrographic 
processes of the Ganges and the Brahmaputra of the eastern par t 
of Bengal. Eventually by focussed on the del taic formation of 
the southern p a r t of the r iver bas ins and highl ighted on the rrle 
of these two mighty streams in delta-formation. This s tudy also 
obviously failed to incorporate some important processes and 
products of the fluvial orgin within the scope of the s tudy . 
'The Changing face of Bengal ' , a t rea t i se on the 
hydrological changes of the deltaic r ivers of Bengal v/ritten by 
Mukherjee ( 1938 ) outlines the role of communication and 
t ranspor ta t ion in the economic act ivi t ies of Bengal. This was 
follov/ed four years l a t e r , by an ana lys i s of hydrological 
problems from the pen of Majumdar ( 1942 ), a leading engineer 
and hydrologist of Bengal. Majumdar studied the decaying 
nature of the delta r ivers while dealing with the changing nature 
of t rade and commerce in Bengal. In his book, ' the Rivers of 
Bengal Delta ' , the author has mantioned the human interference 
as the reason for the decaying tendency of the del ta r i v e r s . In 
the same work Majumdar has tr ied to cast some l igh t on the r iver 
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dynamics v/ith a viev; to prevent disas t rous floods ar.i choking of 
r iver channels through a l luvia t ion . Moreover, the author has 
scientifically studied the various stages of formaticr.5 within the 
deltaic region. This v/ork also follov/ed the typical descriptive 
approach and failed to follov; a sound scientific method of 
investigation and s tudy . 
Soon, af terwards, a geographical t rea t i se was published 
on Ganges delta v/ritten by Bagchi (1944) in v/hich the deltaic 
processes and their demographic consiquences were e laborated. 
Great s t ress has been la id in the v/ork of Bagchi on "he dynamics 
of the Ganges delta, and i t s influence on the na ture of the 
distr ibution of population in i t for a period of fifty years in the 
first half of the present century. In course of treatment it was 
found necessary by the author to define the extent cf the deltaic 
region in Bengal and a name that would be app ro r r i a t e for i t . 
According to the author the extent of this deltaic t r ac t is 
confined within the two farthest d i s t r ibu ta r i es of the Ganges, 
i . g . , the Bhagirathi in the west and the Padma-Mazhna channel 
in the east (Bagchi, 1944-d). The name that h a s reen proposed 
by author is ' the Ganges de l ta ' (Bagchi, 1944-e) . In the course 
of his studies the author has classified the delta region into 
three sections, v i z . , moribund, mature and active p a r t s of the 
de l ta . Moreover, he tried to e laborate the different stages in 
which the delta came into existence and t-e associate 
hydrographic charac te rs , in i t s different por t ions . However, the 
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centra l object in studying the hydrography of the Ganges delta 
was to bringout in details the na ture of the dis t r ibut ion of 
population in different par t s of the deltaic region and how far it 
is influenced by geographical conditions. 
In addition to these s tudies some other general yet 
significant repor ts on the physical aspects of the Ganges delta 
were published in the form of books, ar t icles and survey repor t s . 
Among these 'The Satist ical account of Bengal ' by Hunter (1875) 
bears some va luab le data and information of the Ganges del ta . 
This report also incorporates an excellent map of Bengal which 
depicts a clear hydrological scene of the delta region. 
Another survey report of th is category can be found in 
a geological text written by Pascoe (1965) in which he has 
a t t r ibuted the delta as ' the Ganges Brahmaputra Del ta ' . Pascoe 
has included it among the Khadar ' or floodplain deposits of the 
Ganges basin (Pascoe, 1965-a). Highlighting on the shifting 
na ture of the del ta-channels , he has s ta ted that the present delta 
a rea comprised a large area in which the ground has been raised 
above the general flood level by the main branches of the Ganges 
which in the p a r t traversed i t . He observed tha t the eastern 
pa r t of the delta was more backward, the marshes or ' 'Jheels' 
were more extensive, and the banks of the streams were less 
consolidated and the eastern pa r t , in his opinion, was the main 
depositing a r e a . Moreover, Pascoe stated the role of Brahmaputra 
in the delta building processes from a his tor ical perspect ive. 
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Hov/ever, this report , too, lacks sufficient empirical sup jo r t and 
it seems to be based mainly on the older information of secondary-
n a t u r e . 
Among the geological s tudies of the Bengal Basin and 
the delta of the Ganges the paper produced by Morgan and 
Mclntire (1958) s tands on a sound position and is marked by 
some o r ig ina l i ty . This joint publication of the two famous 
geologists appeared in the 'Bulletin of the Geological Society of 
America' and was entit led 'Quaternary Geology of the Bengal 
B a s i n ' . This study gives some new ideas and provokes some deep 
thoughts about the formation and the origin of the Ganges del ta . 
This study includes paleoclimatological influences on the formation 
of the Bengal Basin and the delta and it indicates the presence 
of a series of deltas in the region. The authors have 
emphasized the tectonic upliftment and subsidence of the 
surrounding a reas of the delta and mentioned the movements 
responsible for the development of the del ta . 
Another significant contribution towards the 
morphological s tudies of the Ganges delta was made by Geddes 
(1950), an eminent geographer from the U.K., by publishing one 
lengthy ar t ic le in the 'Transaction and papers of the ins t i tu te of 
British Geographers ' . The author elaborated some morphological 
reasonings while describing the a l luv ia l morphological features of 
the Indo-Gangetic Plain and i t s significance of mapping in 
geographical s tud ies . In the course of this study evidence on 
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the s t ructura l re lat ionship of the Indian p la teau to the Himalayas 
has been reviewed and the major relief of the p la ins including 
the Ganges del ta is mapped. The complex forms of Bengal area 
are outlined alongwith other s tudies of the Indus and the Ganges 
flood pla ins in re la t ion to thei r adjacent mountains and 
p la teaues . Forms and processes are i l l u s t r a t ed in the study by 
re-contoured manuscript maps of three regions. This v/ork carr ies 
sufficient or ig inal i ty and scholarly touch. 
In course of th is l i t e ra tu re review i t snould be 
mentioned that the part i t ion of Bengal in 1947 affected researches 
in the Ganges de l ta . V/ith the pol i t ical division of the del taic 
region between West Bengal and East Pakis tan (Novf Bangladesh) , 
the researchers and scholars of these two countries nade the 
s tudy of the delta belonging to their own count r ies . Thus a 
trend of pa r t i a l survey of geomorphological, geological, ecological 
or other environmental aspects of the delta developed on the 
bas i s of this pol i t ical ly divided delta into two neighbouring 
countr ies . However, a fev/^  s tudies , like those of Chowdhuri do 
not fall in the above mentioned g roup . Chcv^dhury's 
'Morphological Analysis of the Bengal Basin ' (1959) covers both 
the p a r t s of Bengal. His work includes a vas t range of studies 
covering all the erosional , depositional and t r anspc r t a t iona l 
act ivi t ies of the Bengal r i v e r s . In his study Chovi-dhuri t r ied to 
classify the various stream pat terns that are seen a r o n g the 
Bengal r ive r s . Obviously, his studies cover a l l the streams and 
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r ivers of the C-enges delta a r e a . Moreover, he studied the 
coastal pa r t of the Bengal Basin along with i t s morphological 
se t t ings . The only drav/back of this pa ins tak ing investigation is 
that this work lacks sufficient empirical and quant i ta t ive 
supports through field inves t iga t ion . The vas t scope of th is 
study is mainly confined within the invest igat ion of 
s t ream-charac te r i s t i cs , their processes and the resu l tan t products 
of topographic fea tures . 
In 1964, Chowdhury contributed another paper on the 
Ganges delta which investigated the g r a d u a l shifting of the 
Ganges from west to eas t in de l ta -bu i ld ing operations 
(Ghowdhury, 1964) . With the help of different maps and a e r i a l 
photographs he tr ied to explore the changing courses of the main 
flow of the Ganges channel . In the paper the author has 
focussed on the geological and tectonic se t t ings ' of the del ta and 
tr ied to correlated these with the shifting of the Ganges course. 
Rizvi (1964), a geographer of the then Eas t -Pakis tan , 
t r ied to delineate the precise boundary of the Ganges-delta. 
According to his study the Ganges del ta may be delLmited by i t s 
western d i s t r i bu t a ry , the Bhagi ra th i , i ts nor th-eas tern and 
eastern d i s t r ibu ta ry , the Baral-Dhaleshwari-Meghna channel, and 
the Bay of Bengal. Many wri ters , not adher ing to Rizvi ' s 
definition have drawn arb i t ra ry l ines to demercate the extent of 
the del ta . Their view are considered cr i t ica l ly by the author to 
show that a proper appreciation of del taic character is t ics is 
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essential for a correct delimitation of the Ganges del ta . As a 
measure of comparison Rizvi has incorporated several maps of the 
Ganges delta drawn by other geographers and one by the author 
himself showing the limit of the delta. 
Deb (1956) has suggested that the Gangetic alluvium 
has been developed from the top, contrary to the processes of 
normal deltaic formations. He tried to findout some 
palaeoclimatological and geophysical aspects of the Gagetic delta 
through the examination of the sedimentary material collected from 
the bore-holes of several tube-wells in the deltaic portion of West 
Benghal. In his paper Deb has highlighted on several aspects 
related to the origin of the delta, v i z . , probable limit of the Bay 
of Bengal towards the north, r ivers of the Indo-Gangetic p la in , 
their or igin. and history, formation of the Rajmahal Gap, geodetic 
anomaly of the Indo-Gangetic Alluvium and i t s significance, and 
las t ly , the physiography during the late pliestocene time and the 
instabi l i ty of the region. 
After the part i t ion of Bengal in 1947, the then 'East 
Pakistan Inland Water Transportation Authority' (EPIWTA, 1967), 
and ' the East Pakistan Water and Power Development Authority' 
{ EPWAPDA, 1978 & 1980, revised ) separately conducted several 
important surveys on morphological, hydrological and 
sedimentological aspects, of the province which vir tual ly included 
the r ivers of the coastal areas of the Ganges delta in the 
eastern par t of Bengal. 
Since the emergence of Bangladesh (1971; a series of 
s tudies on the morpho-hydrological aspects of the deltaic portion 
of the country were made by different development authori t ies of 
the country. Among these s tudies , the surveys made by the 
'Bangladesh Water Development Board' (B'/VDB, 1373) deserves 
mention. Through these indepth invest igat ions the BV/DB and i ts 
other wings have studied the morphological features and processes 
of major r ive r s of Bangladesh which ul t imately covedred al l the 
major r ivers within the deltaic portion of the country. Moreover, 
they have studied sone other coasta l morphological and 
environmental aspect of the de l ta . The researches and surveys of 
the Space Research and Remote Sensing Organization of Bangladesh 
( SPARRSO ), which have been done in the recent yea r s , also 
deserve some mention. The SPARRSO's most significant 
contribution to the knowledge of the Ganges de l ta is the study of 
the changing Morphology of the coas ta l a r ea s of Bangladesh 
( SPARRSO, 1981). Besides, the organizat ion is conducting some 
studies on the sedinentological and other morphological aspects of 
the del ta and coastal belt of the country. 
In recent years significant contibutions have been made 
to the knowledge of the Ganges delta by scholars from Bangladesh 
and Ind ia , among v;hom the name of Miah,Pramanik and Islam of 
Bangladesh and Mallik, Chatteerjee, Bagchi, Paul and Basu of 
West Bengal need to be mentioned. Each of the ab3ve mentioned 
scholars worked on various aspects of the norphological , 
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hydrological or sediment^logy of some p a r t s of the Ganges delta 
or their streams and r i v e r s . 
Miah (1975) worked on the changing morphology of the 
active pa r t of the de l ta . They invest igated the coastal pa r t of 
the es tuar ine Bangladesh with the help of different old maps and 
some recent ae r i a l photographs. Miah, alongv/ith Islam, 
conducted a survey on the I s land Ecosystem of Bangladesh (Miah 
and Is lam, 1983) . 
Pramanik contributed a series of pape r s on the coastal 
par t of the Ganges delta of Bangladesh-portion with the help of 
sa te l l i te da ta (Pramanik, 1980, 1981, 1982, 1983, 1989). In 1980 
and 1981 he presented two seperate papers on the morphological 
changes in the southern p a r t s of Bangladesh ( Pramanik, 
1980/1981) . Besides, he presented some other pape r s jointly with 
other researchers on coastal morphology of the Gangetic Southern 
Bangladesh. All of his s tudies were mainly based on analyses of 
old maps, sa te l l i te imageries and field inves t iga t ions . Some of 
his s tudies cover sedimen:ological and hydrological aspects "of the 
delta region. 
In order to bringout some comprehensive knowledge 
about the del ta , Islam (1978) contributed a paper in the journal 
Of the universi ty of Sheffield Geological society. His paper 
reviewed some character isUcs of fhn -
cics of the banga-del ta covering from 
the tectonic set t ings to tiri^l = ^ 
t .da l and marine influences ' i n the 
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formation of the de l ta . 
Khan (1979) studied the fluvial morphology of the 
Ganges. He concentrated on the changing courses of the main 
channel of the River Padma in Bangladesh and studied erosional 
and depositional processes of the r iver v;hile discussing the 
shifting of the courses of the channel . 
Mallik (1976) made sedimentological s tudies of the 
deltaic waters of the coastal zone of the Bay of Bengal. An 
Indian sedimentologist, mallik studied the delta sediments of the 
continental shelf of the Bay with the help of field samples 
collected by the Geological Survey of India in 1976. His study 
reveals that the shelf sediments a t the mouth of the Hoogly River 
of the Ganges delta consist of s ands , s i l t s , c l ays , and their 
various admixtures. They bulk of the sediments consists of 
re la t ive ly fine to very fine s a n d . According to his s tudy , there 
is var ia t ion in lithology in the ver t ica l and horizontal directions 
and this also suggests growth of the delta in different s t a g e s . 
Chatterjee wrote severa l ar t ic les and presented a 
number of papers on the different aspects re la ted to the 
morphological and hydrological problems of the Ganges de l ta . His 
paper on the Hoogly-Bhagirathy Basin (1972) has examined the 
morphological aspects of the Bhagirathi-Hoogly r ive r of the de l ta . 
In this paper the author has t r ied to explain the exist ing 
decaying condition of the channel from a fluviomprphological 
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perspect ive . Chatterjee has put forv^ard sound arguments 
supporting the ins ta l la t ion of the controversial Farakka Barrage 
on the Ganges. In 1950, jointly with bagchi Chatterjee published 
another ar t ic le on hydrographic features of the 'Adiganga Bhumi, 
(Chatterjee and Bagchi, 1960) . This attempt was a 
palaeo-geomorphological work which tr ied to reveal the 
prehis tor ica l aspects of the courses and the formation of the 
Ganges highl ight ing on i t s bas in and del ta . 
Paul (1988) has studied the morpho-ecological dynamics 
of the coastal par t of the VJestem Ganges de l t a . Although in 
his s tudy much attention has been given to the ecological and 
environmental si tuation of the Sundarban Sv/amp areas - - yet , the 
scope of his study did not leave the fluvio-hydrological proceses 
of the streams of the area as ide . Moreover, he has studied some 
important sedimentological aspects of th is p a r t of the del ta . 
Basu (1967) has examined the fluvio-geomorphological 
aspects of the Bhagirathi-Hoogly r ive r of the western pa r t of the 
Ganges de l ta . His studies include the evolution of the 
Bhagirathi-Hoogly r iver , i t s f luvialdynamics, physical and 
hydrological character is t ics and s i l t behaviour . 
From the foregoing riview of s tudies on the var ious 
aspects of the Ganges delta i t can be summarised that insp i te of 
the numerous researches and studies on different morphological 
aspects of the delta area none of them covers the whole of the 
a rea complete from the view point cf fluvio-morphological 
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studies of the de l ta . However, a l l the afore-mentioned studies 
can contr ibute substent ia l ly to the future indepth and complete 
study of the Ganges delta from different aspects of research and 
invest igat ion. 
2-4 GEOLOGY AND TECTONICS OF THE GANGES DELTA : 
The Ganges delta occupies the seaward margin of the 
Bengal Basin which owes i t s origin to the formation of the 
Hinalayas and the Indo-Burman ranges (Islam, 1978). However, 
the Bengal Basin, as i t is seen today, was conspicuous during 
the Oligocene to Miocene period and presently is character ised by 
mostly thick and monotonous unfossiliferous neogene sediments 
(Khan, 1980). The delta of the Ganges has been under 
sedimentation, accretion and erosion processes since i t s 
emergence. 
The Bengal Basin, of which the Ganges del ta is a p a r t , 
i s delimited on the west by the outcropped pre-Cambrian rocks of 
the Indian shield and to the north by the Shillong Plateau. The 
eastern margin of the basin is demarcated by hi l ls along the 
NNV/-SSV/ and N-S trending frontal fold zones of the Neogene phase 
of the Indo-Burman Orogenic Belt (F ig . 2 .5 ) . 
Bakhtine (1955) has sub-divided the Bengal Pasin into 
shelf, slope or hinge zone and the basin foredeep a r ea s . The 
gecsynclinal Bengal Foredeep in the south and south-east , where 
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the Ganges del ta came into existence got filled with sediments and 
has greater tectonic mobility. The thickness of the sediments 
reaches more than 18,000 m in the deltaic region of Hat ia-Bar isa l -
Pa tuakhal i in the southern par t of the Bangladesh (Mirkhamidov 
and Mannan, 1981) . These deltaic sediments belong completely to 
the Quaternary period deposited about 2.4 million years ago 
(Master Plan Organization, 1985). 
The Bengal Basin occupies a remnant of the seaway 
that was closed some eight million years ago as the Indian 
Continental P la te reached Asia. During the period of infil l ing 
with sediments, the bas in generally deepened, and sea-level has 
varied considerably as compared to i t s present posit ion. The 
modern Ganges delta was formed by the deposition of sediments 
eroded by the Himalayan r ivers and of the Ganges, Brahmaputra 
and Meghna r ive r systems. 
During the la te Miocene-Pliocene-Pleistocene per iods , in 
between 25 to 2 million years ago, the Great Himalayan Orogenic 
uplifts took-place in the north-eastern and eas tern pa r t s of the 
Gangetic Basin . These uplifts occurred following the successive 
periods of r i s ing and falling of sea- levels and subsidence which 
took place during the Eocene and Oligocene-Miocene per iods . 
Periodic r i ses in sea-level and reduced coarse-gra ined sediment 
inflow covered the sandy bed of the es tua ry v/ith marine c lay . 
After th is , as deposition of coarse-grained sediments increased 
during the ear ly pliestocene, the de l tas of the ancient 
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Brahmaputra extended across the es tua ry . The role of subsidence 
accelerated and v/as accompanied by uplift, gentle folding, and 
v/est-ward t i l t of the eastern margin of the bas in . 
Subsidence is a common ear th movement in the del ta ic 
par t of the Bengal Basin. Far idpur Trough and 
Khulna-Sundarbans areas are two pr inc ipa l regions where 
subsidence is much more ac t ive . In these regions calculated 
values of subsidence range from 0.6 mm/year to 5.5 mm/year 
( M.P.O., 1985) . 
Fergusson (1863) is of the opinion t ha t some 4000 - 5000 
years have elapsed since the nor thern boundary of the Bay of 
Bengal was at or near the Rajmahal and the delta h a s been 
formed by deposition. 
The Bay of Bengal was created at a date l a t e r than 
the uplift of the Arakan Yoma arc of the Himalayan Orogeny 
( i . e . , Indo-Burman ranges ) . The collision of the Indian p la te 
in la te Paleocene ini t ia ted the r ivers of the Himalayas and 
Indo-Burman (Arakan Yoma) ranges and down buckling along the 
plate margins , as the subducting Ind ian p la te alone the Indus-
Brahmaputra suture got jammed due to buoyancy constrains (Deb, 
1956) . This s i tuat ion helped the generation of the central 
gneisses in the Himalayas through heat t ransfer by fluids, local 
f ractur ing, and perhaps by local melting, which culminated by 
the Miocene in under thrus t ing of the Indian P la te along the main 
central Thrust and the rapid r i se of the Himalayas and the 
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Indo-Burman ranges (Islam, 1978). The incipient Bengal Basin, 
occupying a dis ta l par t in the acute angle betv/een the tv/o 
a reas , developed during the Miocene into a molasse foredeep 
(eastern terminal pa r t of the Indo-Gangetic molasse foredeep) and 
received i t s share of the huge det r i tus (elast ics) , ercded from the 
r is ing Himalayas. Buoyancy cons t ra in t s , physica l behaviour of 
the under thrus t ing slab and abnormal s t ruc ture of the upper 
mantle probably limited the possible length of under thrus t ing and 
relayed i t to the 'Main Boundary Thrus t ' in ear ly Pleiocene (Le 
Fort, 1975) and has led to the re lease of an unusual ly high 
amount of sediments carr ied by the Ganges-Brahmaputra system of 
the region. The upper course of the Brahmaputra occupies the 
zone of subduction while the Ganges and i t s t r ibu ta r ies run 
across the 'Main Central and Main Boundary Thrus ts ' (Fig. 2 .6) . 
From the foregoing discussion i t can be assumed tha t 
the Ganges delta is located in a tectonical ly most active 
mio-geosynclynal a rea and i t s genesis can not be explained by 
the simple infi l l ing of a shallow continental shelf with the 
sediments brought down by the Ganges, Brahmaputra and Meghna 
river systems. Recent geophysical invest igat ions in the delta 
(Morgan and Mclntire, 1959) indica te a slope of the basement 
complex towards the Naga-Lushai geosyncline, i . e . , towards 
south-east and the basement of the southern pa r t of this de l ta ic 
region has a continuous cover of basa l t (Chakraborty, 1970). This 
basement complex of the del taic basin is r i s ing since the 
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Fig . 2 .6 : Tectonic Framework of the Ganges Delta a n d i t s Surrounding Areas 
1. Exposed Shield 
2 . Hurried Shie ld 
3 . Uplifted Segments 
of Zone-4 
4 . Trans i t iona l Zone 
Between Shield & 
Geosyncl ine 
5 . Orogenic Belts 
6. Deeper Parts of 
Naga-Lusa l 
Geosyncl ine 
7. Thrust Faul t 
8 . Normal Fau l t s 
9 . Hinges i n the 
Basements 
10 . Direction of 
Slope of 
Basement 
Source : Cha t t e r j e e and Mukhopadhyay ( e d . ) , W e 5 t Benga l (1970) . 
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Pleistocene (Chakrz^borty, 1970) . The Eocene Hinge Zone Passes 
through the north-western pa r t of the delta in a south-v/est 
nor th-east direction and this plexure has been detected at a 
depth of 7,000 m below Calcut ta . The western and northern p a r t s 
of the delta beyond this Hinge zone is geologically a t r ans i t i ona l 
zone betv^een shield and geosyncline. Rest of the del ta , lying 
in the south and south-eastern side of the Hinge zone constitutes 
the deeper p a r t s of the Naga-Lushai Geosyncline. 
In te rpre ta t ions of the Landsat imagery have revealed 
the s t ruc tu ra l control over the deltaic r i ve r s . Sesoren (1984) has 
identified a 'zone of weakness ' in the eastern p a r t of the Ganges 
delta pass ing between the Madhupur-Tipperra surface and 
following the Meghna r iver at the north-east of the Bengal Basin 
and cutting the Ganges t ida l f loodplainin the south-west . In the 
lower Bengal Basin the 'zone of weakness ' general ly follows the 
approximate t rend of the Brahamaputra (Janiuna)-Ganges (Padma)-
Meghna r iver system. Ear l ier Krishman (1953) referred to th is 
'zone of weakness ' on the basis of evidences. According to 
Krishman, th is zone of weakness was caused by e i ther a 
subsiding trough of a single major fault a t depth. These 
tectonic s i tuat ions ( i . e . , the presence of a zone of weakness, a 
series of echelon faults and subsiding depressions) indicate a 
geological and s t ruc tura l unrest in the del ta ic region of the 
Bengal Basin and the a l l answers to the questions re la ted to the 
morphological changes ( i . e . , shifting courses of the de l ta ic 
r ivers) in the delta could be linked with these tectonic s i t ua t i ons . 
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The study of surface deposition reveals that the 
whole del ta ic t rac t is covered v/ith different forms of sediments 
ranging from clay, s i l t , sand and some marine deposi ts . In the 
northern and nor th-eastern portions of the delta meander deposits 
and swamp deposits are predominant. In the mid - delta where 
moribund condition is p reva i l ing , inter-stream a l luv ia l deposits 
are found. Pure deltaic deposits and undefferentiated swamp and 
del ta ic deposits can be seen in the southern p a r t of the de l ta . 
Hov^ever, the swamp and marine types of the recent deposits are 
found in the coastal and es tuar ine p a r t s of the de l t a . 
In the southern pa r t of the Bengal Basin where the 
Ganges del ta has taken i t s shape the approximate limit of land 
bml t by marine agencies i s marked by a convex l ine s t re tch ing 
from the Midnapur coast in the west tc the mouth of the Meghna 
in the east.. This l ine goes deep in Khulna d is t r ic t (Bangladesh) 
where i t reaches about 112 km. in land from the sea (Fig . 2 .5 ) . 
The l ine of the approximate southern l i n i t of r ive r ine del ta runs 
roughly pa ra l l e l to the l ine of limit of land buil t by marine 
agencies in the north and this l ine also s t a r t s from the Midnapur 
coast and enters further in land and finally reaches the 
confluence of the Padma and the Meghna. The deepest pa r t of 
this l ine res ts at leas t 240 km avray fro~ the coast (Fig. 2 . 5 ) . 
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2.5 COASTALMORPHOLOGICAL AND OCEANOGRAPHIC CHARACTERISTICS: 
The s o u t h e r n f r inge of the Benga l B a s i n , where the 
Ganges d e l t a h a s come in to ex i s t ence infac t e x t e n d s towards the 
E=.y of Benga l for a c o n s i d e r a b l e d i s t a n c e . The o r i g i n a n d 
evolut ion of the Benga l Bas in a r e d i r e c t l y r e l a t e d to the genes i s 
and s t r u c t u r e of t h e Indo-Gange t i c t r o u g h , the n o r t h e r n r e n n a n t 
o: t h e Bay , i t s e l f i s o v e r l a i d and f i l led by sed iments t h o u s a n d s 
of metres th i ck ( P r a m a n i k , 1989) . 
The Bay of Bengal is a n o r t h - e a s t e r n sha l low ex tens ion 
of t h e I n d i a n o c e a n . I t i s loca ted betv/een l a t i t u d e s 5°-22° N and 
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l o n g i t u d e s 80°-95° E . The Bay comprises about 2 .2 mi l l ion km 
ar.d i s bounded by I n d i a a n d S r i l a n k a to the wes t , I n d i a a n d 
B a n g l a d e s h to the no r th a n d Burma and the n o r t h e r n M a l a y a s i a to 
the e a s t . The I n t e r n a t i o n a l Hydrog raph ic B u r e a u h a s d e f i n e ! the 
s c u t h e r n b o u n d a r y of the Bay of Benga l to a l i n e ex t end ing from 
D : n d r a Head a t t h e s o u t h e r n ex t remi ty of S r i l a n k a to the extreme 
n : r t h po in t of the Sumat ra ( I n d o n e s i a ) . The Bay i s 
a rproxim.a te ly 1,600 km wide and i t s a v e r a g e dep th is about 
7r3 m. The recorded maximum depth in t h e Bay of Bengal is 
4,500 m (Encyc lopaed i a B r i t a n i c a , 1980) . The Andaman and 
Nicobar g r o u p s of I s l a n d s a r e the major o c e a n i c a r c h i p e l a g o e s 
wrJ-le Sandwip , H a t i a , Bhola , S a u g a r Dwip, e t c . cons t i tu te the 
off-shore i s l a n d s of the Bay of Benga l ( F i g . 2 . 7 ) . 
The sea-f loor t o p o g r a p h y of the Bay of Bengal i s 
c h a r a c t e r i z e d by f e a t u r e s l i k e the Benga l Deep Sea F a n , 
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F i ^ . 2.7 : The Bay of Bengal: Bathymetric Features 
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the Ninety East Ridge, the Nicobar Fan, the Swatch of No t ound, 
the Burma Trench and the Chagos East Coast Trench. 
The Ninety East Ridge occupies the cent ra l p a r t of the 
Bay and follows the north-south direction along the 90°E 
longitude. This r idge is about 5,000 km long and extends from 
15° N to 30° S l a t i t u d e s . The Bengal Deep Sea Fan l ies to the 
west of the Ninety East Ridge and the Fan extends from 20° N to 
7° S la t i tudes covering a length of nearly 3,000 km and width of 
1,000 km (Curray and Moore, 1974). This fan has been developed 
in the shallow and wide shelf-margin cf the Bay of Bengal. This 
fan is the submarine continuation of subae r i a l delta and 
accumulation of sediments of sub-del taic Bengal Basin (Islam, 
1978) . The fan covers as a rea of about 3 million sq . km ( Curray 
and Moore, 1971). The sediments la id down a t the mouths of the 
Ganges are dis t r ibuted o\fer the entire fan fa i r ly evenly by many 
turbidi ty currents mostly issuing from the Swatch of No Ground 
(Islam, 1978). 
The Nicobar Fan l ies to the east of the Ninety East 
Ridge in the Bay and in the eastern margin of th is fan there l ies 
the Andaman-Sunda Submarine Trench. In the coastal shelf of 
the Ganges delta the most conspecuous marine topographic feature 
is the 'Swatch of No Ground', a submarine canyon which lies 
about 24 km south of the delta coast . It crosses the continental 
shelf diagonally in a soi:th-westerly direction and has a seaward 
continuation of about 2,COO km down the Bay of Bengal, At i t s 
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northern apex the 'Swatch of No Ground' a t t a ins a depth of about 
30 to 60 metres and cuts the shelf to depths of about 1,000 metres 
helovf the adjacent level of the sea-floor (Chowdhury, Hoque and 
Pramanik, 1988) . This submarine canyon exerts a pronounced 
influence on the morphogenic character is t ics in the del ta ic section 
of the Bengal Basin and great ly influences the t ida l processes, 
sediment movements and deposition and other coasta l phenomena in 
the deltaic coast and shelf zone of the Bay. 
Having a re la t ively long but narrow and steep-sided 
depression in the eas te rn pa r t of the Bay of Bengal the Burama 
Trench presents another s t r ik ing morphological feature in the Bay. 
The Chagos-East Coast (Bangladesh) Trench (Rahman, 1975) extends 
from the mouth of the Passur r iver (south of the Sundarbans) to 
Srilanka and further south (Fig. 2 .7 ) . 
The coastal belt of the Ganges del ta extends from the 
Hoogli-Bhagirathi mouth in the west to the Meghna es tuary in the 
eas t . This coastal a rea of the delta is confined roughly in an 
area between 80°0' E to 91°0' E longitudes and 21°30' N to 22°30' N 
la t i tudes . The present longi tudinal extent of the coastl ine of the 
Ganges delta is about 315 km. Some prominent morphological 
character is t ics of the coast of the delta include the presence of a 
vas t network of r ive r s ; a la rge number of i s l ands or s a n d - b a r s 
in between channels; a funnel shaped and shallow northern 
margin of the Bay where the coast-l ine of the delta appea r s . 
Moreover, the coastal a reas of the delta is character ized by 
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an enormous discharge of run-off laden with sediments, strong 
t ida l and wind actions, t ropical cyclones and the associated 
storm surges . 
2.6 CLIMATIC SITUATIONS IN THE GANGES DELTA : 
2 . 6 . 1 Temperature : 
The climate of the Ganges del ta is of t ropical monsoon 
type with dis t inct dry season in the low sun per iod, January is 
the coldest month when temperature sometimes fal ls below 10°C. 
However, the ameliorating effect of the sea makes the climate in 
the delta quite pleassn.t . Summer months are hot and oppressive 
with average temperature above 30°C and absolute maxima may 
approach 38°C or 40°C (Table 2.1 and F ig . 2 . 8 ) . 
TABLE 2.1 
Maximum and Minimum Temperatures in the Ganges Dalta 
( in °C ) 
Station Period Mean annual Mean Max. Mean annua l Mean min. 
maximum hottest month minimum coldest month 
Bar isa l 1947-80 30.3 33.7 Apr. 21.7 12.9 Jan. 
Bhola 1965-80 30.1 33.0 Apr. 20.8 11.9 Jan. 
Khepupara 1974-80 29.8 32.7 May 22.2 14.4 Jan. 
Khulna 1964-80 31.1 34.8 Apr./May 22.0 13.8 Jan. 
Pa tuakhal i 1973-79 29.4 32.4 May 20.4 12.4 Jan. 
Satkhira 1947-80 31.3 35.6 Apr. 21.3 12.4 Jan. 
Calcutta 1947-82 31.6 35.7 May 21.9 13.6 Jan. 
Source : Bangladesh Meteorological Department. *Calcutta Port Authority. 
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F i g . 2 .8 : Rainfa l l and Temperature for Six Deltaic Stations 
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2 .5 .2 R a i n f a l l : 
I n t h e d e l t a i c r e g i o n of the Ganges r a i n s beg in in the 
months of Apr i l -May and con t inues t i l l October . The r a i n f a l l in 
the months of March , A p r i l and May i s b e c a u s e of t h e 'Nor ' 
Wester s t o r m s ' . These s u d d e r n and v io lent s torms u s u a l l y 
develop in t h e a f te rnoon a n d a r e accompanied by t h u n d e r , 
l i g h t n i n g and t o r r e n t i a l r a i n for a shor t d u r a t i o n . 
I n t h e middle of June the monsoon se t s i n wi th 
a b u n d a n t a n d w i d e s p r e a d r a i n f a l l which may exceed 2,000 mm in 
many s o u t h e r l y s t a t i o n s i n t h e d e l t a (Table 2 . 2 ) . The i n t e n s i t y 
of r a i n f a l l i s h i g h e s t i n Ju ly to October ( F i g . 2 . 8 ) . The 
i n t e n s i t y of r a i n f a l l i s h i g h e r in the south a n d s o u t h - e a s t e r n 
TABLE 2 .2 
Mean Annual Rainfa l l in the Ganges Delta 
( i n mm ) 
S ta t ion 
Bari? a i 
Bhola 
K h e p u p a r a 
Khulna 
P a t u a k h a l l i 
S a t k h i r a 
Source : Ban .gl 
Long i tude 
90° 19 ' E 
90° 39 ' E 
90° 14' E 
89° 3 5 ' E 
90° 21 ' E 
89° OA' E 
a d e s h Meteor 
L a t i t u d e 
22° 42 ' 
22° 4 1 ' 
21° 59 ' 
22° 4 8 ' 
22° 22 ' 
22° 42 ' 
Dlogical 
N 
N 
N 
N 
N 
N 
Depai 
Per iod 
1947 - 80 
1955 - 80 
1974 - 80 
1947 - SO 
1974 - 30 
1947 - SO 
rtment and 
Mean A n n u a l 
rainfall 
2,300 
2,185 
2,703 
1,849 
2,503 
1,722 
B a n g l a d e s h VJater 
Balance Unit . 
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F i g . 2 .9 : Distribution of Rainfall in the Ganges Delta 
Note : I sohye t s P r e p a r e d from Ra in fa l l Data Collected from Var ious S r j r c e s . 
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pa r t s of the de l ta . The distr ibution of the average ra infa l l 
makes the isohyets swing round in a curve from the south 
towards the east and then tov/ards the north-west (Fig . 2 .9 ) . 
The south-eastern coasta l a reas of the delta experience an annual 
average of about 2,800 mm ra in fa l l . The 1,800 mm isohyet passes 
south of Khulna tovrn (Bangladesh) and Calcutta (India) . The 
same isohyet l ine also crosses jus t north of Fa r idpur tov;n and 
most of 24-Parganas , Khulna, Barisal and the es tuar ine i s lands of 
the Padma-Meghna mouth enjoy annual r a i n f a l l ranging from 
1,800 mm to more than 2,800 mm. To the north of the 1,800 mm 
isohyet line the annual average downpour decreases gradual ly 
towards north and south-western par t s of the de l t a . Northern 
pa r t s of the d i s t r ic t s of Khulna, whole of Fa r idpur and Jessore 
d i s t r i c t s , most of Kustia and Nadia d i s t r ic t s fall within the 
isohyets of 1,800 mm (in the south) and 1,400 mm (in the 
north-west) . Only the dis t r ic t of Murshidabad in West Bengal of 
the del taic region receives an .annual average ra in fa l l of less 
than 1,400 mm. ;^  
2.5.3 Seasonality : / •/ 
Like the climate of the tropical lower Bengal Basin, the 
Ganges delta and its adjoining areas experience four distr ict 
seasonal weather types (ESCAP, 1985). These seasonal weather 
pat terns of the Ganges delta are mostly governed by the 
south-west and the nor th-eas t monsoon winds. These climatic 
types are : 
78 
i) the dry winter season from December to F e t r u a r y , 
i i ) the t r ans i t iona l period from March to May, 
i i i ) the monsoon season from June to September, and 
iv) the second t rans i t ion period from October tc November. 
The dry winter season is frequented by r a in fa l l under 
the influence of the dry a i r circulation of l and origin mostly 
from the nor th-eas t monsoon. 
The t rans i t iona l period is also termed a s the 
pre-monsoon season and is characterized by short-durat ion 
thunderstorms of te r ragenic sources. These storms are normally 
accompanied with violent winds which are locally kncwn as Kaal 
Baishakhy or the 'Nor' Vi/esterly' storms. 
The monsoon season is characterized by heavy ra infa l l 
under the influence of the south-west monsoon, with 75?i of the 
total annual downpour occurring m this per iod. 
The second t rans i t ional period is termed as the post-
monsoon season and is normally characterized by the occurrences 
of violent t ropica l cyclonic storms of the Bay of Bengal. 
2.6.4 Atmospheric Pressure : 
During the cooler months (mid-November to - i d - F e b r u a r y ) 
the delta of the Ganges stands at the edge of the v a s t high 
pressure area of the Gangetic p l a in . The mean pressure is 
1,020 mill ibars in January here. As a resul t there is a flov/ cf 
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air down the Brahmaputra and the Ganges val leys towards the 
del ta . Considerable changes take place in the next few months. 
From March to September, i t becomes an area of low pressure , the 
average being 1,005 mi l l ibars . The Inter-Tropical Zone of 
Convergence moves north t i l l it is over northern pa r t of the 
Bengal Basin. The reversa l of winds consequent in pressure 
changes in May-June and October-November often causes violent 
storms ( i . e . , cyclones) . 
2.6.5 Cyclones : 
The t ropical cyclones are very common yet devasta t ing 
na tura l phenomena in the Bay of Bengal and its northern deltaic 
land a r e a s . These severe storms normally occur in the 
south-eastern Bay and advance in a norther ly or north-westerly 
direction. Often these cyclones turn nor th-easter ly or easterly 
towards the Chittagong or Burma coasts (Fig. 2 .10) . Cyclones 
generally cause damage in the ways of storm surges , floodings 
due to excessive cycloni.c downpour and wind-destruct ions . The 
velocity of the cyclonic storms normally r ises upto 200 to 250 km 
per hour and resu l t s in loss of life and property in the deltaic 
coasts and p l a i n s . The most catastrophic happen ing , however, is 
the cyclonic surge engendered by a billov/ing water-mass. 
Generally such cyclonic surges become very swift and move 
landward along with the progressing storms. Surge-water 
maintains a higher elevation than the normal sea- leve l . As the 
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Fig . 2.10: The Tracks of Cyclonic Storms in the Bay of Bengal 
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cyclonic-storm approaches the shallow coastal water of the Ganges 
delta, the surge intensifies and flares up into the deltaic p la in 
v/ith i t s ru th less fury. The coincidence of the cyclonic move with 
a spring or eb-t ide tends to intensify or reduce the height of the 
surge and i t s resu l tan t damage. Storm surges caused by the 
TABLE 2.3 
The -Month-Wise Distribution of Depressions and Cyclonic 
Storms in the Bay of Bengal Diiring 1950 to 1975 
Month 
January 
February 
March 
April 
May 
June 
July 
August 
September 
Octcber 
November 
December 
Source : B angla 
No. of 
depressions 
idesh 
1 
1 
0 
3 
11 
33 
35 
41 
41 
27 
5 
6 
I Meteorol ogi LCal 
No. of 
cyclones 
3 
0 
0 
2 
18 
4 
3 
4 
11 
24 
26 
11 
Department. 
Total No. of 
depressions & 
cyclones 
4 
1 
0 
5 
29 
37 
39 
45 
52 
51 
31 
17 
recent cyclones in the deltaic coast of the Bay of Bengal were 
measured at 3 to 6 metres in height . The t ropical cyclones are 
generally formed during the pre and post-monsoon seasons in the 
months of October, November and March and April , vrhile the 
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rr.onsoonal depressions, another type of t ropical storms, occur 
during the south-west monsoon period in the months of July, 
August and September. Some of the devasta t ing cyclones which 
ravaged the coastal pa r t of the Ganges delta were those of the 
Urir-Char Cyclone of May, 1985, the coastal deluge cyclone of 
November, 1970, the great cyclone of 1919, the Bakarganj cyclone 
of 1875 and the Bar isa l cyclone of 1584 ( Table 2,3 ) . The very 
recent cyclone of the Bay of Bengal of May, 1991, which has 
almost destroyed the entire south-eastern coastal belt of 
Bangladesh would be written as one of the ..most catastrophic 
na tu ra l calamities in the history of the world h a z a r d s . More than 
0.2 million people have been died and more than 3.0 million 
people have been affected in this devasta t ing cyclone. 
C H A P T E R - I I I 
OBJECTIVES, METHODOLOGY AND HYPOTHESES TESTING 
84 
3.1 SIGNIFICANCE OF THE GANGES DELTA : 
Although the Ganges delta comprises the l a rges t del ta ic 
land of the world and despite the fact that this del ta represents 
the world ' s most densely populated a reas , very l i t t l e attention 
has been given to the study of this l and . Especial ly, there 
exists an acute research gap in the morphological s tudy of the 
delta of the Ganges and its surrounding a r e a s . Hov/ever, a few 
geomorphological and hydrological studies have been performed on 
the some of the separate streams or regions of the delta and its 
coastal a r ea . Yet, no work could claim to cover the v/hole of the 
delta which is v i r tua l ly divided into two par ts since the pol i t ical 
par t i t ion of the Indian sub-continent in 1947. Although Bagchi 
(1944) has focussed comprehensively on the some morphological 
phenomena of the del ta s t i l l yet his work overlooked many of the 
important geomorphic porcesses and features out of the scope of 
the s tudy . Besides his work on the Ganges del ta incorporated 
aspects like the population and settlements, which a s matter of 
fact, belong to the scope of Human Geography. However, t i l l 
to-date Bagchi 's s tudy is the only work which covers the both 
pa r t s of the pol i t ica l ly divided delta of the Ganges. 
The Ganges delta represents and animated ins tance of 
fluvio-morphological act ivi t ies covering the erosional, depositional 
and t ranspor ta t iona l processes and their resul tant products, v i z . , 
surface - feature or coastal and marine land forms. I t s channels , 
small or l a rge r , are on constant change. They have been 
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shifting their courses ceaselessly. In the coastal a reas and 
off-shore sea nev/ land accretion is going on. Simultaneously, 
the coastline of the del ta is also changing i t s form g radua l ly . 
While the in land streams and coastal es tuar ies are the major 
sources of communication in the deltaic region some of the 
del taic r ivers ( i . e . , those of the Old pa r t of the delta) have 
been decaying and drying-up g radua l ly . On the other hand, 
agr icul ture i s the mainstay for the majority of the people of the 
de l ta . For agr icu l tu ra l i r r iga t ion and navigat ional purposes the 
significance of these del ta ic streams is very h igh . In te res t of 
the ever increasing population of the delta and the question of 
development of agr icu l ture and communication or even the overa l l 
development of the deltaic people are related to these streams and 
surfaces of the del ta . 
In the recent years floods and cyclones along with the 
other n a t u r a l and ecological calamities ( i . e . , sa l in i ty in t rus ion , 
deforestation e tc . ) have become grea t concerns to the people of 
the de l ta . Loss of soil fer t i l i ty , erosional problems and the 
problem of water-logging have been working adversely in the 
agr icu l tura l productivity in the region. The resu l t s of human 
interferences in the na tu ra l systems of the delta a re also 
worsening the environmental si tuation in the a r ea . In order to 
check these na tu ra l degradat ion in the del taic region in tegrated 
and appropr ia te measures should be taken up . For this purpose, 
the indepth and comprehensive knowledge about the total system 
of the fluvio-morphological sett ings of the delta must be explored. 
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Nz separa te or fragmented study can give a complete vission of 
the exist ing s i tuat ion and future t rend of change in, this system. 
The present study is aimed at to achieve this end by 
exploring the total fluvio-morphological aspects of the Ganges 
delta covering both the p a r t s in Bangladesh and India and 
including the evolutionary hisotry of the del ta , i t s fluvial and 
ccastal morphology, sedimentological s i tuat ion a s well as i t s 
ecological and environmental conditions and changes . Another 
speciali ty of th is work is that this is the only e laborate and 
indepth study which is based on the latest scientific information 
and data (v i z . , sa te l l i te imageries, aer ia l photographs and data 
gathered by empirical surveys) . Besides most modern 
instrumental techniques of the morphological s tudies have also 
been used in the s tudy . 
3 . : OBJECTIVES OF THE STUDY : 
The present study is oriented towards the invest igat ion 
of the pr inc ipa l fluvio-morphological aspects of the Ganges delta; 
al = o to examine the various marine actions which influence the 
deltaic development in the coastal a reas ; to assess the evolution 
and changes of the del ta ic landforms as well as the shifting of 
the courses of the del taic r ive r s ; the erosional and depositional 
processes and their resul tant morphological features and the 
processes of deltaic accret ions . Another objective of the study is 
to examine the processes of human interact ions and the resul tant 
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changes in the Ganges de l ta . 
Tnus the pr incipal objectives of the present study can 
be categorised as follows : 
1. to understand the physiographical and morphological 
aspects of the Ganges del ta , 
2 . to findout the actual limits of the Gangetic del ta , 
3 . to examine the evolution of the delta and the changes 
in the del ta and i t s r ivers and other features , tha t 
have taken place in i t s boundary through historic 
periods, as well as changes in the courses of the 
r ive r s , 
4 . to make a comparative study of the morphological 
differentiations that exist among the different 
physiographic divisions of the Ganges de l ta , 
5 . to examine the changes in the coastline of the Ganges 
delta, 
5. to understand the na ture and processes of sedimentation 
in the deltaic region and to examine the charac ter is t ics 
o: the sediments of the Ganges del ta , 
7. to compare and evaluate the sedimentation and 
accretion act ivi t ies between the western and eastern 
par t s of the deltaic coast to findout the future t rend of 
progression of delta in the Bay of Bengal, 
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8. to examine the ecological situation of the delta and the 
changes in the na tu ra l environment due to the human 
interact ions in the deltaic l ands , 
9. to test the functional hypotheses with regard to the 
var ious morphological problems of the Ganges del ta , 
10. to unders tand the fundamental fluviomorphclogical 
problems of the delta and make recommendations about 
the morphological development of the del ta and i t s 
coastal a r e a s . 
3.3 METHODOLOGY : 
The var ious methods and techniques of invest igat ion 
applied in the present s tudy are as follows : 
3.3.1 Survey of Secondary Records and Literature : 
Attempt has been made to examine in depth the var ious 
secondary da ta sources including the old and new maps, aer ia l 
photographs, sa te l l i t e imageries (Landsat images) , hydrographic 
char ts and repor ts , geological da t a , and many other published 
and unpublished field reports and books for t h e present s tudy. 
3.3.2 Comparison and Interpretation of Maps, Aerial Photographs 
and Satellite Imageries : 
For the purpose of identification of var ious geomorphic 
features, estimation of the changes in the delta, especially the 
89 
changing courses of the "Jeltaic r ivers and shifts in the coastline, 
and to examine the evolution of the deltaic lands and their 
accretion in the sea, a series of old and nevr maps, air-photoes 
and sa te l l i te imageries have been cr i t ical ly examined and compared 
in the resent s tudy . For the.purpose of air-photo and sa t i l l i t e -
image in terpre ta t ion l igh t - t ab les , addit ive viewers and la tes t 
sterio-scopes have been used. 
Along with the aer ia l -photographs some topographic 
maps (1 : 50,000) have also been examined to findout the var ious 
morphological va r i a t ions which separa te the four dis t inc: 
physiographic divisions in the Ganges delta ( v i z . . Old, Mature, 
Young and Tidal par t s ) . 
Examination and interpreta t ion of these maps and dat = 
obtained from remote sensing have helped in the identification c: 
the different geomorphological features including the dominan*. 
erosional and deposit ional s i tes , changing pat tern and shifting 
courses of the channels along vdth the migratory na ture of the 
channel bars and off-shore is lands in the Ganges de l t a . 
The study of the la tes t satel l i te imageries (Landsat) o: 
the delta have further facil i tated the identification of the location 
and distr ibution of sediments in the off-shore zone of the Bay of 
Bencsl adjacent to the de l ta . Besides, these images have helped 
in the prediction of the future trend of development of the del ta ic 
land in a sea-ward progression. 
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Rennel l ' s map of 1779-'80 has been selected as the 
basemap in order to determine the shifts in the courses of the 
r ive r s , the changes in the coastline and other morphological 
features ( i . e . , marshes, in land water bodies, off-shore i s l ands 
e tc . ) in the de l ta ic region. Beside the Rennell 's map two other 
maps of the del ta ic region of the Ganges, one of the Survey of 
India (1880) and another produced by the SPARRSO (Bangladesh) 
of 1979, represent ing the last two centur ies , have been chosen for 
the purpose. 
Since these three maps represent three well defined 
per iods, the above mentioned maps have bee3i selected to 
determine and compare the changes in the major morphological 
features that took place in the last two hundered years in the 
Ganges de l ta . 
In order to determine the his tor ical evolution of the 
delta some other ancient and medieval maps and mar iners ' char ts 
have been consulted. Since these maps and char t s do not have 
any la t i tudes or longitudes and are based on the t r a v e l l e r s ' or 
mariners ' accounts, the re l iabi l i ty of these to be chosen as the 
base maps have been totally ruled out. Even then, for general l 
idea and evaluat ion these maps and locational drav^ings have 
been incorporated in the present study (Appendix - IV / xiv). 
The important maps, aer ia l photographs and sa te l l i te 
imageries used in the present study are l is ted as follov/s : 
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1. R e n n e l l ' s Map of the Bengal d e l t a (1780) on a s ca l e of 
1 : 75,000, 
2 . Meghna Mouth Map of Rennel l (1779) on a s c a l e of 
1 : 75,000, 
3 . Survey of I n d i a ' s Map (1880) on a sca le of 1 : 100,000, 
4 . SPARRSO ( B a n g l a d e s h ) Map of B a n g l a d e s h a n d the 
a d j o i n i n g a r e a s (1979), on a s c a l e of 1 : 100,000, 
5 . T o p o g r a p h i c Maps of Survey of P a k i s t a n (1952/1953) on 
the s c a l e of 1 : 125,720, 
5 . T o p o g r a p h i c Maps of the Survey of B a n g l a d e s h ( r ev i sed 
e d i t i o n ) : 
a) 1983, Sheet No. 79E/11, 1 : 50,000, 
b) 1983, Sheet No. 791/7 , 1 : 50,000 , 
c) 1961, Sheet No. 79K/5, 1 : 63,360, 
d) 1961, Sheet No. 79G/(3rd e d . ) , 1 : 2 5 3 , 4 4 0 , 
7 . Aer ia l P h o t o g r a p h Mosaic Map of the R . A . F . (1959) with 
s c a l e 1 : 1,000,000, 
8. A i r - P h o t o g r a p s of the Survey of B a n g l a d e s h (1974- '75) 
p r e p a r e d by the C a n a d i a n Air Survey on s c a l e 1 : 30,000 : 
a ) 7519-74W/185N0. ( P l a t e ) , Old d e l t a , 
b) 7509-35E/45 No. ( P l a t e ) , Young d e l t a , 
c) 7511-60E/255NO. ( P l a t e ) , Mature d e l t a , 
9. L a n d s a t S a t e l l i t e I m a g e r i e s of the NASA/SPARKSO u n d e r 
ERIM Programme of the Ganges d e l t a a r e a s , on sca l e 
1 : 250,000 : 
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a) M.S.5 . , Band-7 (March, 1987) : 137/045, Young del ta , 
b) T.M., Band-7 (Feb. 1988) : 137/044, Mature de l ta , 
c) T.M., Band-7 (Feb. , 1988) : 138/044, Old del ta , 
d) D.B., (Mixed), 133/043, Northern del ta , 
e) T.M., B a n d - 7 : 138/045, Sundarbans and Coastal a r e a s . 
Besides, the Landsa: Imageries of the SPARRSO/ERIM of 
the periods 1973, 1979 and 1984 on scales 1 : 900,000 and 1 : 
200,000 have been consulted. 
Hydrographic char ts prpeared by the Bangladesh Inland 
Vt'ater Transport Authority (BIVi'TA) in different years of the major 
channels of the Ganges delta over the las t few decades have been 
analysed for the prepara t ion of the cross-sectional profiles of the 
del taic r i v e r s . From the analysis of these char t s the migration of 
the r iver -banks in the del ta have also been measured. 
For the purpose of the comparison and measurement of 
the shifting of the courses and changes in the morphology some of 
the maps and char ts of varied scales were brought on the same 
scale and a few super-imposed maps were p repa red . Planimeters 
and rotometers were used for the measurement of a reas of lands 
and lengths of the streams of the del ta respect ively. 
3.3.3 Field Investigations : 
In order to varify and empirically identify the 
geomorphic features and processes of erosion and deposition in 
the different pa r t s of the Ganges delta (v iz . , Old, Mature, Young 
and Tidal pa r t s ) extensive field surveys and t r ips have been 
made in the different seasons ( i . e . . Dry and Monsocn seasons^ . 
During these field t r ips features of the topographic sheets and 
aer ia l photographs have been compared with the existing 
s i tuat ions in the field and some typical and, character is t ic 
landform features in the various par t s of the delta vrere 
collected through photographs . 
In these field surveys soil and sediment samples vrere 
collected from different sites of the delta considering the spat ia l 
significance of the important morphological features of the delta. 
The collected samples were examined in the sedimentological 
laboratory ' for some physical and chemical proper t ies . Samples 
for these laboratory tests were collected mainly from the various 
deltaic areas comprising : i) channel-beds, i i) coasta l t ida l land, 
i i i ) newly accreted deltaic land, iv) erosional r ive r bank areas , 
and v) s table flood-plain a r e a s . 
The ana lys is of the data thus collected, has been 
presented through maps and other car tographic methods. 
3.4 TESTING OF THE HYPOTHESES : 
The following hypotheses have been formaulated for 
testing in the course of the present study : 
1. tha t , the delta building process or the process of 
accretion is functioning positively in the eastern par t 
of the Ganges del ta , 
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2. t ha t , i.'. comparison, the eastern par t of the Ganges 
delta is much active than the v^estern par t of the 
del ta , 
3. t ha t , the future trend of the progression of the del taic 
land is showing a favourable or posit ive development 
in the eastern shelf of the deltaic coast of the Ganges, 
4. t ha t , the coast-l ine of the delta is not s ta t ic 
anywhere. Rather it has been changing very fast in 
the recent yea r s , 
5. t ha t , the geomorphic features in the four morphological 
divisions of the Ganges delta are va r i ed and are 
subs tan t i a l ly influenced by the local morphological 
environments, 
6. t ha t , the sediments belonging to the var ious morpho-
logical positions of the delta exhibi t va r i ed 
charac te r i s t i cs , 
7. t ha t , the major and minor r ivers of the Ganges delta 
are changing their courses gradua l ly , 
8. tha t , the role of the sea and the oceanographic 
si tuation of the coastal areas of the Bengal Basin i s 
great ly responsible for the formation of the Ganges 
del ta , 
9. tha t , the ecological si tuation of the Ganges del ta has 
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much changed due to human interference in the del ta ic 
region. The creation of dams and embankments and 
deforestation in the catchment a reas of the del ta ic 
r ive r s have accelerated the rate of sedimentation and 
accretion in the coastal and off-shore shelf a reas of 
the Ganges del ta , and 
10. t ha t , the morphological si tuation may subs tan t ia l ly 
change if the accretion is not checked or d is turbed . 
C H A;P T E R - IV 
HYDROLOGY AND DRAINAGE OF THE GANGES DELTA 
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4.1 GENERAL CONSIDERATIONS : 
The hydrology and dra inage system of the Gnages delta 
is inseparably related to the total f luvic-hydrological settings of 
the Bengal Basin . The deltaic t rac t of the Ganges is the 
resul tan t of the combined actions of the three mighty r iver systems 
of the Bengal Basin, namely the Ganges, Brahmaputra and 
Meghna, v/hich together dra in a vas t catchment a reas of about 
1.6 million sq . km in Ind ia , China (Tibet) , Nepal, Bhutan and 
Bangladesh (Tarafdar , 1974). However, the Ganges and i t s 
numerous d i s t r ibu ta r i es have played a major role in the formation 
of the delta ( F ig . 4.1 ) . 
The deltaic es tuar ies of the Ganges-Meghna system 
drain the combined discharges of these three r iver systems 
amounting on the average to 35,000 n'^/sec (Siddiqui, 1989). 
These three r iver systems drain more than 90 percent of the total 
volume of water brought into the de l ta . There are distinct 
seasonal fluctuations in flow with extreme discharge in the 
monsoon. The peak monthly discharge in August and September is 
about 4 t ines the mean annual while the lean discharge in 
February - April period is about a quar ter of the mean annual 
(Siddiqui, 1989). The Ganges delta and i ts adjoining areas 
al together receive about 850 maf of surfate flow per yea r . It is 
estimated that an average of 150 maf of rain-v.-ater is also poured 
into the del taic region per yea r . The annual mean downpour 
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in the deltaic land is about 1,200 mm, highest in the south-east 
and decreases towards north-v/est. 
The topography of the deltaic p la in is extremely flat 
and in the coastal a reas the gradient is 0.1 to 0.035 metre per 
kilometre. The t ida l action p lays significant role in the 
functioning of the dra inage system in th is flat deltaic t r a c t . 
The typical monsoonal climate of the region controls the hydro-
climatological s i tuat ion in the delta and the dra inage .system. 
Annual floodings and t ida l inundations are very common^ yet 
sometimes very disas t rous phenomena in the de l t a . Almost one 
thi rd of the total area of the delta is vulnerable to these normal 
inundations (Fig. 4 .22) . 
The Ganges, known as 'Ganga' in India and 'Padma' 
in Bangladesh, is the premier stream of the Ganges del ta . This 
stream is about 2,600 km long and flows almost pa ra l l e l to the 
Himalayan ranges across the vast flood-plains of Uttar Pradesh 
and Bihar s ta tes of India unt i l it reaches the western border of 
Bangladesh. The stream is fed mainly by the t r ibu ta r ies r is ing 
in the southern slopes of the Himalayas. The Jamuna, Ghaghra, 
Son, Gandak, are some of the numerous t r i bu ta r i e s of the Ganges. 
In the pla ins of Bangladesh, just north to the Ganges del ta , it 
receives the Brahmaputra and Meghna as two pr inc ipa l t r i b u t a r i e s . 
The total d ra inage area of the Ganges is about 955,710 sq . kn of 
which only about 5.3 percent l ies within the deltaic a r ea . 
Since 1910 a var ia t ion of less than 2.5 metres between the highest 
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a r d lowest annua l water levels has taken place in the Ganges at 
i ts lower course (Abbas, 1964). Hov/ever, since the construction 
of the Farakka Barrage on the Ganges by India for the purpose 
of increase in flow to the Bhagirathi-Hoogli channel of West 
Bengal, the Ganges discharge in the Ganges-Padma channel in 
"'•'ngladesh has considerably decreased (Rob, l989-a). As a 
resu l t , in the recent years , the range of the highest and lowest 
annual water levels in the Ganges has also changed signif icantly. 
The Brahmaputra is the second important river which 
has been contr ibut ing significantly to the development and 
evolution of the de l ta . I t r ises in Tibet area of China in the 
glaciers of the north-west chain of the Himalayas and flows in an 
easter ly direction in a trough para l l e l to the Himalayas for a 
distance of about 1100 km before turn ing south through the 
mountains, and flows down the Assam valley for a distance of 
720 km and enters Bangladesh as a wide bra ided channel with a 
width vary ing from 12 to 5 Km in p laces . The total length of the 
Brahmaputra upto i t s confluence with the Ganges at Goalundo is 
about 2,800 km. I ts catchment area is near ly 582,350 sq. km of 
which only about 9.0 percent lies within the Bengal Basin a r ea . 
The Meghna system, presently the most active channel 
of the deltaic region, covers a distance of about 800 km of which 
about half l ies in Bangladesh. The Meghna is the combined flow 
of the Surma and Kusiara, two important streams of the 
north-eastern corner of the Bengal Basin which rise in the 
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Naga-Lusai Hills of ths nor th-eastern Ind ia . It meets the Ganges 
(Padma) at Chandpur, about 280 km north to the Bay of Bengal 
coast and debauches onto the Bay after i ts name car ry ing the 
combined flow of the Ganges and Brahmaputra . I t s drainage area 
is about 76,405 sq . km of which about 40 percent l ies in 
Bangladesh (Table 7 .3) . 
4.2 NATURE OF THE DELTAIC DRAINAGE : 
The Ganges delta occupies a unique position among the 
other l a rger del tas of the world for i t s var ied and complex 
network of dra inage system (Fig. 4 .2 ) . The whole delta area is 
criss-crossed by innumerable la rge and small channels of which 
some are decaying, some are act ive , while some others are being 
drained only by the t idal flow of water . The north-eastern pa r t 
of the delta possesses some abandoned or pa r t i a l ly abandoned 
courses of decaying r ivers while the eastern and south-eastern 
delta is charac ter ised by the flow of the active r ivers with heavy 
discharges . The south-western portion of the Ganges del ta , which 
include the wor ld ' s largest mangrove forest , the Sundarbans, is 
completely a maze of t ida l creeks and channels (Fig. 4 .3 ) . 
These channels however car ry a subs tan t i a l amount of the Ganges 
water through i ts various d i s t r ibu ta r ies which join these t idal 
channels and es tuar ine creeks. Beside these complex r ivers and 
channels almost the whole delta is dotted vrith numerous lakes , 
marshes and low-lying sv/amps. In recent yea r s , the area of 
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these marshes and swamps has gradual ly shrunk owing to the 
encroachment of human habi tat ions and reclamation of land for 
agr icul tura l purposes (Sen and Sen, 1989). Another significant 
nature of the de l t a - r ive r s is their continual shifting nature of the 
courses. Most of the major streams of the del ta including i ts 
premier channel , the Ganges-Padma, have been ceaselessly 
changing their courses or migrating l a te ra l ly from as compared to 
their former position and occupying the new s i t e s . Even the 
minor channels of the delta show the same tendency. The general 
flow-trend or direction of these deltaic r ive r s is towards a 
north-southward flow. However, it has been observed tha t most 
of the r ivers of the western par t of the delta namely Ichhamati , 
Kuttiganga, e t c . , follow a ra ther south-easter ly direction while 
some of the eas tern t r ibu ta r ies show a marked south-westerly 
tendency (v iz . , Arial Khan, Bishkhali e t c . ) . Explanation of 
these flow-tendencies of the deltaic r ivers might has l inkage to 
the geo-tectonic s i tuat ions of the region (Sesoren, 1984) . The 
main channel of the Ganges, Padma, in the del taic region has 
been maintaining i t s south-easterly direction. At the same tine 
numerous deltaic sp i l l -channels , pa r t i cu la r ly those of the 
Sundarbans- r ivers , exhibit some abnormal and haphazard tendency 
of flow-direction which has given r ise to the exis t ing complex 
m^ze of drainage system in the region. Most of the deltaic 
r ivers and al l of the Sundarbans - Channels experience a marked 
t idal influence. 
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As regards the pat tern of the del ta ic r i v e r s , the 
Ganges delta shows a mixed drainage pa t t e rn . The stem-strearr. 
of the delta, the Ganges - Padma, is a bra ided channel with a 
meandering course. Most of the other major d i s t r i bu ta r i e s also 
follow a sinuous course. A number of major s t reams, however, 
follow s t ra ight courses which can presumably be identified as 
tectonically controlled channels , v i z . , those of the 
sought-eastern creeks (Khandokar and Hoque, 1990 and Sesoren, 
1984) . At places the pat tern of the streams is p a r a l l e l , while at 
other places the pa t te rn is t re l l i s or rec tangula r (Fig. 4.2 and 
4 .3) . In to ta l i ty , the delta of the Ganges possesses an amorphous 
dra inage pa t t e rn . 
4.3 RIVERS OF THE GANGES DELTA : 
The delta of the Ganges is famous for the var ied types 
and complex nature of i ts r i ve r s . The Ganges-Padma on the 
north and nor th-eas tern boundary of the del ta is the main 
channel of the de l ta . The Bhagir athi-Hoogli, Gorai-Madhumati 
and Arial Khan are three major r ivers of the de l ta . Besides, the 
Ja langi , Bhairab , Mathabhanga, Kobadak, Bhadra , Ichhamati , 
Kumar, Nabaganga are some other Important streams of the del ta . 
Among the t ida l or coastal creeks, the Matla, Har iabhanga, 
Saptamukhi, Malancha, Pussur , Haringhat ta , Rabanabad channel , 
Tentulia and Hatia channel are worthmentioning. The Sundarbans , 
which occupies the south-western deltaic coast is also famous for 
i ts complex net-work of t idal creeks (Fig. 4 .3 ) . 
I'JD 
Fig . 4 .3 : Par t i a l Picture of the Network of the Sundarbans 
Rivers of the Tidal Par t s of the Ganges Delta 
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4.5 1 The Ganges-Padma : Main Channel of the Delta 
Beyond the outfall of the Kosi, the Ganges tu rns intc 
the pla ins of Bengal round the outcrops of the Rajmahal Hills 
receiving only a few local dra inage channels on the left banks . 
A few kilometres below Farakka in V/est Bengal the r ive r s tar ts 
throwing off d i s t r ibu ta r ies that join into the r igh t hand channel 
of the Bhagirathi which once formed the n a i n arm of the Ganges. 
Through this channel flowed al l the low water discharge of the 
r iver into the Bay of Bengal ( Basu, 1970 ), whereas during the 
flood stages the overflov/ used to take place through the left-arm 
main channel - - the Padma of Bangladesh, which a,fter throwing-off 
d is t r ibutar ies l ike the Ja langi , Mathabhanga, Ichhamati , 
Bhairab , Nabaganga and Gorai, is joined by the Brahmaputra and 
lateron flows into the Bay of Bengal as the Meghn= through a 
number of es tuar ine channels viz. , Katia channel , Tentulia 
channel, Shahbazpur channel . However, from a l l considerations, 
the Ganges-Padma channel is considered as the premier or main 
channel of the Ganges de l ta . 
During the season of r a in s discharge of the Ganges 
3 
r ises to the order of 750,000 m /Sec with a corresponding 
increase in i ts sediment load. Scouring and bedload movement is 
very high during this period and the channel profiles take only 
hours to change shape . The fall-off s t a re s of the r ivers of the 
upper delta continue unti l October when lov/-level periods for the 
streams ensue. The low-level discharge cf the Ganges i5 of the 
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order c: 15,000 m /Sec, and na tura l ly very l i t t le sediment is 
borne by the r ive r s dur ing th is low-level period ( Islam, 1978). 
In the del ta ic par t of the Ganges, the highest water 
level 14.9 m was observed in 1918 and in 1954; and the lov/est 
( under normal condition ) was 5.8 m in April-May, 1913 
(Tarafdar , 1974). However, after the construction of the Farakka 
Barrage on the Ganges in West-Bengal, the d i scharge , along with 
the water level , has been reduced tremendously ( Appendix - I I I ) . 
The discharge of the Gaanges at Hardinge Bridge ( Bangladesh ) 
3 
reached a record low of 7,000 m /Sec on 29th March, 1975 
3 
compared to the h is tor ica l average of 20,000 m /Sec in the same 
period ever the pas t years ( Shafi, 19S2 ) . In dry seasons 
discharges sometimes become ni l in the lower p a r t of the bar rage 
in Bangladesh portion ( Rob. 1989-a ) . 
In the del ta ic pa r t of the Bengal Basin the Ganges is 
1.6 to 8.0 km wide and despite having broad meanders shows a 
bra ided charac te r . Only the d is t r ibutar ies of the Ganges-Padma 
flow across the delta and they meander with occasional mid-
channel b a r s . During the low-level period, the divided flov/s 
occupy the thalwegs. Meandering loops of the la rger deltaic 
streams continuously migrate downstream • 
The ana lys i s of the ' s tage slope curves and the 
discharge of the Ganges indicates that there is not much 
v a r i a t i o - in slope in the main upper channel (Fig. 4.4) The 
lower stretch however is subject to back water from the 
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Brahmaputra ( Fig. 4-5 ) and the stage slope curve shows the 
peculiar i t ies of a t r ibu ta ry ( Fig . 4.4 b )• The Fig . 4'6 shov/s 
that the v/ater velocities of the Padma do not exceed 4 m/sec at 
Paksey ( EPIWTA, 1967) . 
After the confluence of the Brahmaputra at Goalundc 
(Bangladesh) the s tage discharge curve at Goalundo gets a shape 
comparable with i t s upstream curve. At Mav/a ( more 
dovmstream ) the g'radient increases at higher water levels (Fig. 
4 7); the cross-section is of one narrow and deep channel as 
distinct from the cross-section at Goalundo where there are two 
shallow channels in a wide r iver . Both the factors give the 
Mavra ra t ing curve a re la t ive ly flat appearance (Fig. 4 .8) . 
Backwater from sea- level va r ia t ion is felt in Chandpur where the 
velocities of the Ganges flow are upto 4 m/sec (Fig. 4 .9 ) . This 
figure also shows the discharges and water level of the Ganges 
at Mawa. However, a l l these figures essent ial ly show the post-
farrkka hydrological s i tuat ions of the main channel of the Ganges 
( i . e . , Padma) . 
Figure 4.10 shows the changing shape and form of 
section of the Ganges-Padma course in Bangladesh below the 
90 = 15' E longitude and 23=30' N la t i tude . V/ithin a t ime-span of 
only 12 years period the r iver shows significant changes and 
t 
evolution. 
Figures 4.11 (a to h) show the hydrographs (the water 
levels during the course of the hydrological year , taken from 
no 
Fig . 4.5 : Backwater Effect on the Ganges River 
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Fig . 4.7 : Stage-slope Curve of the Ganges between Goalundo 
and Chandpur 
Source : BWDB, Dhaka. 
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April (A) to March (M) . In these hydrographs .very recent 
hydrological data (from 1982 to 1987) of the main channel of the 
Ganges at different s tat ions have been shov/n. These hydrographs 
show clearly the seasonal ' var ia t ion of water levels of the 
different del ta r ive r s at different places in the Ganges de l ta . 
These figures (Fig . 4.11-a to 4.11-h) show — in each 
diagram — t h r e e g r a p h s , namely, the ' h y d r o g r a p h ' , the 'durat ion 
curve ' and the ' s t a n d a r d low water level (SLV/)' . 
The 'Duration Curve' r is ing from the lower left to the 
upper r igh t , indicates the incidence of water level between the 
lowest (left-side) and highest level (r ight s ide ) . 
The 'S tandard Low Water' (SLW) level indicates the 
water level t ha t i s exceeded 95% of the lime. 
The Fig . 4 . 1 1 a and F ig .4 .11-b show the hydrographs , 
duration curves and Standard Low Vfater Levels at Aricha on the 
Ganges-Padma r iver for the year 1E35 and 1984 respeptively. In 
1985 the SLW at Aricha was 2.83 m and in 1984 i t was 2.44 m. In 
both the years both the hydrographs and duration curves at 
Aricha on the Ganges are almost s i - i l a r with a l i t t le va r i a t ions . 
In both the hydrographs the highest r ise in water levels are 
recorded for the months between July to September and after 
September the gradients of the curves drop abrupt ly However, 
in both the years the highest occurrences of water levels never 
crossed the 9.5 m l ine of the PV/D Almost the same picture is 
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F i g . 4.8 : Rating Curves of the Brahmaputra, Ganges and Padma 
Rivers 
Source : BVJDB, D h a k a . 
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seen in the case of Goalundo sto.ion in the years 1953 and 1934. 
The SLWs were 2.23 m and 2.17 m respectively in 1983 and 1984 at 
Goalundo. The hydrograph and duration curves also show the 
same consistent tendencies as of Ar icha ' s . The hydrographs in 
Both the years remained below 9.0 m the PWD l ine . 
Figure 4-11-e and Fig . 4-11 f show the hydrological 
s i tuations of the Ganges for the year 1982 and 1983 at the 
Hardinge Bridge (Bangladesh) . The SLW levels in 1952 and 1983 
at the Hardinge Bridge were 5.78 m and 5.54 m respect ively . The 
highest vmter levels ( i . e . , 14.0m to the PWD line) were a t ta ined 
here in both the years in the months of August and September. 
Figure 4.11-g and Fig. 4.11-h show the hydrological 
s i tuations of the Ganges at Tal a r ia for 1983 and 198-. The SLV/ 
levels were 4.54 and 5.24 respectively for 1983 and 1984. The 
higest water levels dur ing these two years at Talbar ia on the 
Ganges always remained below the 14.0 m to the PWD l ine . 
It will thus be seen that the SLW levels and the 
hydrographs on the Ganges-Padma a t different p lares in the 
recent years have been maintaining considerable consistency. 
However, seasonal and spa t i a l var ia t ion in the hydrological 
condition is also evident . The causes of these changes in 
readings are due to the influence of the quantum of ra infa l l 
runoff flow from the catchment a reas , and the water coming from 
various t r ibu ta r i e s ( i . e . , the Brahmaputra, Meghn=, e t c . ) at 
different places . 
117 
Fig. 4.10: Changes in the Shape of the Ganges 
(Padma) : 1952-1965 
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4.3.2 Rivers of the Western Delta : 
In ths western pa r t of the Ganges delta most of the 
r ivers show a ra the r decaying tendency. The pat tern of the 
drainage system in this p a r t of the del ta however mainta ins a 
typical complex p ic tu re . The northern r ivers of this p a r t of the 
delta are general ly fed with the spi l lage from the main-channel 
of the Ganges and run-off water of the monsoon r a i n s . A small 
quanti ty of under-ground seepage-water is also added to the flow 
of these s t reams. The southern channels are obviously affluently 
drained with the t ida l sal ine water of the Bay of Bengal. 
The Bhagirathi-Hoogli , Bhai rab , Gobra Nala, Sialmari , 
Ja langi , Mathabhanga, Churni , Ichhamati , Jamuna are the 
important channels of the northern pa r t of the western Ganges 
del ta . These s t reams, except the lower Hoogli r iver , are the 
decaying channels of the Old a rea of the del ta . The Bhag i ra th i -
Hoogli, the western most major d i s t r ibu ta ry and a former main 
course of the Ganges, is the pr inc ipa l stream of the region. The 
Biddyadhar i , Bidya, Kuttiganga, Bara ta ta , Saptamukhi, Jamira, 
Matla, Gossab a, Har iabhanga, e tc . are some of the southern 
deltaic r ivers in the western pa r t of the Ganges de l ta . The 
Hoogli (lower course of the Bhagirathi r i ve r ) , Jamira Matla, 
Gossaba and Hariabhanga are huge and wide estuarine creeks of 
tremencDus t ida l influence. The r ivers Kalindi and Raimangal 
form t'r.B boundary betv/een India (West Bengal) and Bangladesh 
in the southern del taic region. 
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The left-bank t r ibu ta r i e s of the Bhagirathi are the 
Bhairab Jalangi and Mathabhanga. These three r ivers together 
are referred to as the 'Nadia r i v e r s ' . There is only one 
important t r ibu ta ry of the Hoogli on the lef t-bank, v i z . , the 
Churni v^hich joins the r iver a t Hanskhal i . The main flow of the 
Mathabhanga debauches onto the Bay of Bengal after the name of 
the river Ichhamat i . The t r ac t of land between the Churni in 
north and Barasat in the south of the v/estern p a r t of the delta 
represents the Old deltaic region of V^est Bengal. Ox-bow lakes , 
filled-up channels , numerous back sv/anps, extensive old levees 
and marshes and b i l s exhibi t a decaying and poor dra inage 
condition of this t r ac t of the de l t a . The Kalantar depression, 
Padma b i l , Motijheel, Bistupur b i l , Chaltia b i l , Suhas b i l and 
Krisnasali b i l are some of the numerous marshes and swamps of 
tlie western Ganges de l ta . Most of the a reas of this par t of 
the deltaic land are poorly drained and even the active t idal 
streams of the southern region sometimes suffer from the choking-
up due to the formation of channel-bed i s lands or s and-ba r s or 
mud-flats due to the weaker up-stream flow unable to remove 
these formations of the t idal actions v As a resu l t , water logging 
and marshy conditions take place extensively in these a r e a s . 
The Bhagira thi Hoogli, the pr inc ipa l stream of the 
western par t of the Ganges del ta , takes off from the main channel 
of the Ganges on the r ight bank at Giria in the dis t r ic t of 
Murshidabad (West Bengal) and after t ravers ing a distance of 
about 550 km falls into the Bay of Bengal after the name of the 
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Hoogli r iver (Garrett , 1910) . Near Swarupganj in Nadia dis i j ic t 
it receives from the left-bank the r iver Ja langi , v/hich in i t s 
onward course is known as the Hoogli. The non-t idal p a r t of the 
r iver extending from the off-taks to Nabadv/ip, a dis tance of 
about 240 km is known as the Bhagirathi while the t i da l reach 
from Nabadv/ip (Swarupganj) to the mouth, a length of about 
320 km, is knov/n as the Hoogli. The general l ine of the 
dra inage is not from north to south along the channel of the 
Bhagira th i , but from north-west to south-east . The main volume 
of water of the Ganges d isp lays a greater incl inat ion to proceed 
in the Padma (Bangladesh a rea ; in a south-easterly direction) 
channel r a the r than to turn into the Bhagi ra th i . 
Basu (1973) had observed an alarming decay of the 
Bhagira thi off-take at Giria with the parent r iver the Ganges. 
This problem has a profound effect on the form of the channel 
and i t s related fluvial processes. Before the commissioning of 
the Farakka Barrage (1975), the Bhagrathi had become a seasonal 
channel owing to the seasonal supply of the upland water from 
the Ganges. The discharge a t Jangipur, as Basu (1957) 
observed, was reduced from 100,000 m /sec in the flood season to 
3 
only 50 m /sec in the lean season. 
•^After the construction of the Farkka Barrage in 1975, the r iver 
appears as an ar t i f ic ia l d r a inage . The original flow from Giria 
has been dammed by embankment at Ahiron feeder canal si te and 
the r iver is fed by the canal which takes off from F a r a k k a . 
Before the construction of the ba r r age , there remained meagre 
water in the channel, but present ly , a steady flow passes down 
the stream. 
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As regards the pnysical and hydraul ic charac ter i s t ics , 
the channel of the Bhagirathi is characterised by a symmetrical 
cross-profiles causing erosion on one bank and deposition on the 
other a l l along i ts length. 
Follov/ing the increase in discharges in the main 
channel , the Ganges, the Bhagira th i water-level begins to r ise at 
the end of May or early June and a t ta ins i ts mean maximum in 
August. The subsidiary spi l lages from the parent -channel keep 
the level high t i l l the end of Novemebr (Basu, 1967). The r iver 
passes through a spell of continuous drought during the 
succeeding five months, beginning from December. But, the t idal 
reach in between Purbas tha l i and Nabadwip where the level is 
somewhat high due to the dai ly influx of t ida l water through the 
Hoogli channel does not suffer from this d ra inage fai lure . 
The Bhairab, the ' t e r r i b l e ' , is the another important 
stream of the western par t of the Ganges de l ta . However this 
channel is d is t r ibuted in both the pa r t s of the delta in West 
Bengal and Bangladesh and changes its name according to its 
location. Presently it takes off from the Ganges-Padma about 
15 km west of Akherganj in Murshidabad distr ict after t r ave r s ing 
a tortuous course across the d is t r ic t , loses itself in the Ja lang i . 
During the grea ter par t of the nineteenth century there was very 
l i t t le flow in the Bhairab, as i t s intake from the Padma was 
closed. Hov/ever, at present it ha s become the main feeder of the 
Jalangi and the joint flow of these two are kncvm as the 
Bhai rab-Ja langi in West Bengal. 
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The Jalangi is the easternmost d i s t r ibu ta ry of the river 
Padma (the main channel of the Ganges in Bangladesh) . For a 
considerable length along i ts course, it forms the distr ict 
boundary between Nadia and Murshidabad d is t r ic t s and finally 
joins the r iver Bhagira thi at Nabadwip. For the some days 
during the wet monsoon months, when the discharge in the river 
Padma is fair ly h igh, some freshets come down the bed of the 
r ive r , but with the fall of the Padma, it s t a r t s to dry up . It is 
observed tha t i ts course for about 3 km from i t s off-take remains 
dry for a considerably long period of time. In any consideration 
as per i ts hydrological condition the Jalangi can be at tr ibuted 
as a decaying r ive r . However, the downstream channel upto the 
r iver Sialmari , the Ja langi is fed by local d ra inage ( i . e . , b i l 
water) and the underground seepage. 
The Sialmari is also an off-shoot of the r iver Padma. 
It takes off from the Padma opposite Rampur-Boalia in 
Bangladesh. After t rave l l ing through a meandering course, it 
empties itslef into the Jalangi below Kopila. I t is also heavily 
silted up and receives a small flow from the Padma during the 
monsoon r a i n s . 
The Gobra Nala flows between the Bhagirathi and 
Bhairab and formerly used to . take spil l waters from the 
Bhagirathi through breaches in the embankments which at times 
3 
allowed as much as 15,000 m /sec of waters to pa s s for a v/eek at 
a time (Sen and Sen, 1989) . This was discharged through the 
Kalantar and i ts waters flowed into the Ja langi . The Gobra Nala 
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has been beheaded by the rai lway line and nevi ernbankrrent from 
Jiaganj to Bhagabangola in V/est Bengal ( India) . At present it 
normally ca r r ies only surface water and has become a sluggish 
channel with 6 to 15 m depths in p laces . The Gobra Nala is 
called the Bhandardaha Nala at i t s lower reaches and now always 
dra ins into the Suti Nadi. 
The Jamuna of the western pa r t of the Ganges delta 
bifurcates from the Hoogli opposite Tribeni and passing through 
Jessore (Bangladesh) and 24-Parganas ( India) enters Khulna 
distr ict (Bangladesh) along with the Ichhamati to fall into the 
Kalindi which demarkates the boundary between India and 
Bangladesh for a long dis tance . The r iver enters the distr ict of 
North 2- -Parganas (West Bengal) through Mallikpur in Hahra P.S. 
It takes a r a the r southerly course for 6 to 7 km unti l joins the 
Padmabil a t the south near Charghat . The flow in this r iver 
however is very poor for most of the year . 
The Mathabhanga another western Ganges delta r iver , 
originates in Bangladesh te r r i tory by leaving the main channel of 
the Ganges (Padma) about 15 km below the point where the 
Jalangi diverges forming the boundary between India (Karimpur 
P.S.) and Daulatpur U.Z. (Bangladesh) . This r iver bifurcates 
2 
into tvv'r branches after re-enter ing Krishnaganj P.S. in Nadia 
distr ict (West Bengal) and the or iginal name of the channel is 
lost. The western branch under the name Churni flows v>restwards 
"^U.Z. = Upa Zilla or Sub-District ; '^P.S. = Police Station. 
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across Hanskhali , Ranaghat and Chakdahaa P.S.s and uiltirnately 
falls into the Hoogli a t Chakdaha. The eastern branch under the 
name Ichhamati forms the eastern boundary of Nadia d i s t r ic t , it 
then enters Bangaon P .S . and finally joins Jamuna at T i r i in the 
North 24-Parganas and flows through the Sundarbans to d ischarge 
itself into the Kal indi . 
4.3.3 Rivers of the Eastern Delta : 
Like the dra inage network of the western p a r t of the 
Ganges delta, d ra inage of the eas tern delta is also very complex 
and in ter re la ted . The Padma-Meghna through which the combined 
discharge the Ganges, Brahmaputra and Meghna flows into tne 
Bay of Bengal is the major r iver of this pa r t of the del ra . The 
Padma receives the combined flow of some North Bengal r ivers 
near Godagari in Rajshahi d i s t r i c t . The Brahmaputra joins the 
Ganges (Padma) at Goalundo of Far idpur d is t r ic t of Bangladesh 
and at Chandpur of Comilla d is t r ic t (greater) the Meghna falls 
into the Padma (Ganges) and as a huge and wide r iver the 
combined flow of these three- r iver systems debauches into the 
Bay of Bengal after the name of the .Meghna. The average 
normal flow of the Padma ( i . e . , the Ganges, before the 
construction of the Farakka Barrage) in the lean-season was 
3 
nearly 27,000 m /sec and in the monsoon the discharge i»';uld r ise 
3 
upto 210,000 m /sec (Rashid, 1977). The post-Farakka annual 
average discharge of the Ganges (Padma) at Paksi (1934 to 1962) 
3 
was about 140,000 m / s e c . The combined flow of the Ganges and 
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Brahmaputra system vias 294 maf. The Ganges enters Bangla_.esh 
at Shibganj and the Bhairab and Mathabhanga, tv^o important 
d i s t r ibu ta r i e s of the western p a r t of the delta take-off from the 
r ight bank , south-east of Shibganj in Bangladesh. 
The Kumar, Chitra , Gorari , Madhumati, Nabaqanqa, 
Kobadak, Arial Khan, Pussur , Rupsa, Bhadra, Bishkhali and 
Araib anki a r e some of the numerous streams of the eastern pa r t 
of the Ganges de l ta . All these channels are fed by the Ganges-
Padma sp i l l age . The easternmost channels like the Arial Khan 
and mid-central streams like the Bhadra Pussur-Rupsa are very 
active and ca r ry sufficient water while some of the northern and 
north-western r ivers of th is p a r t of the delta suffer from acute 
d ra inage fai lure in the lean per iod. In Bangladesh (the eas tern 
pa r t of the Ganges de l ta ) , the main grid of the dra inage system 
is based upon the Raimangal, Har iabhanga , Kobadak-Arpangasia-
Malancha, Sibsa-Pussur-Marjat ta and Madhumati-Haringhata 
r i v e r s , a l l of which flow from north to south. In between the 
Raimangal and Kobadak r ivers flows the Khulna-Jamuna, 
Galghasia and Dholpetua r i v e r s . The Galghasia joins the 
Dholpetua r i v e r , which joins the Kobadak to form the Arpangasia . 
This r iver is divided into th ree . The westernmost, Araibanki is 
joined by the Fi r ing! cross-channel from the Jamuna and, as the 
Malancha flows into the es tuary of that name. The easternmost, 
the Bal, jo ins the main stream to form the large Barapanga which 
widens out into the estuary after the much smaller Malancha 
flows into it (Fig. 4 .3) . 
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In the maze of the del ta! channels, c ross-channels 
l ike Sakbaria Bajbata and Koyra connect the Kobadak -Arpangasia 
with the Shibsa. The Shibsa is formed of the Balta, Gansrai l , 
Bhadra, Dhaki and Deluti r ivers which dra in the Boyra swamps 
and bring some of the Pussur flow. The Shibsa joins the Pussur 
near the sea to form the Morzal r iver , which flows into the 
Marjatta e s tua ry . The Hansraj-Kaga, a branch of the Shibsa, 
bifurcates from the Shibsa and also joins the same again a l i t t le 
downstream. 
The Kobadak (the or iginal name being Kopotaksha, 
v/hich means the 'Pigeon-eyed'), was once a mighty r ive r , has 
become a seasonal r iver in i ts upper reaches It meets the 
Dholpetua to form the la rge estuarine creek at the northern edge 
of the Sundarbans, the Arpanagas ia . This river runs south-south-
eas t to reach Khulna city where i t joins the Khulan-Atrai channel 
and is known by the name, the Rupsha. And jus t south Khulna 
city the Rupsha spl i ts into two, the eastern one resumes the name 
Bhairab and flowing southward joins the es tuar ine creeks the 
Keora and Bhola. 
The Gorai and Mathabhanga are two important streams 
of the northern portion of the eastern ganges de l ta . The 
Mathabhanga, meaning the 'broken head ' , might have the origin 
of this name from the fact that jus t at below the off-take point 
the flow of the channel is being disconnected from the main 
channel of the Padma. The Mathabhanga spli ts up into four 
major channels , the Churni , Chitra, Nabaqanga and Kumar in 
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Kustia region. The Churni falls into the Bhairab and the 
Khulna-Ichhamati channel gets its supplies from the flow of i ts 
water. The Chitra , another branch of the Mathabhanga, flov/s 
south south-east and spl i t s into the Khulna-Atrai and the Chitra 
at Uzirhat. Both the channels join the Bhairab rnaintaining a 
distance of few kilometres from each other. 
The Nabaganga, meaning the 'new Ganges ' , is another 
noteworthy channel of this region. However, the upper reaches of 
this stream hs turned into a lean channel, while the lower course 
of it s t i l l car r ies much of the Gorai flow to the Pussur in the 
south. In the wet monsoon season this r ive r however becomes 
l ively with an affluent flow from the spi l lage of the other r i v e r s . 
About 16 km down the Alamdanga town, the Kumar or 
Pangasi spli ts off the Mathabhanga and continues to flow in a 
south-easterly way and bifurcates at a place about S km north of 
Magura town. One of these channels falls into the Gorai and the 
other joins the Nab a g a n g a . 
The Gorai, another important r iver of the nor th-eas tern 
par t of the Ganges del ta , has developed from the ccmbined flows 
of the three la rge off-shoots of the Ganges in the ncrth of Kustia 
town. The Kaliganga, i t s first sp l i t -channel , t ake s off from the 
south of Kustia and joins the Kumar near Sailokopa. The lower 
reaches of the Goari have almost dried up due to the damming 
effect of the construction of one of the canals of the G.K. Project 
(The Ganges-Kobadak Project) of the BWD3. On i ts south-easter ly 
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course it ha s changed i ts names several times, v i z . , the 
Madhumati^, Baleshwar and Har inghata . Besides, it receives the 
flow of several del taic spi l l -channels l ike the Kumar, Nabaganga 
and Chitra throught different channels . The peak-discharge of 
3 
the Gorai-Madhumati is about 80,000 m /sec in the wet monsoon 
months v/hile in the lean period the flow is almost negl igible 
(BWDB, 1988). 
The union between the flows of the Bhairab and Atrai 
form the channel of the Rupsha which in i t s lower reaches 
acquires the name the Pussur . Now-a-days the Pussur-Rupsha 
receives much of i ts flovf from the Gorai through i ts 
sp i l l -channel , the Nabaganga. The Pussur-Rupsha receives the 
Mangla channel and the Mirgamari corss-channel , a spi l l from the 
Bhola on the left-bank on i t s downward flow to the Sundarbans at 
Mongla-port and Chandpai Forest Out-post respect ively. On the 
r ight -bank the Pussur-Rupsha receives the flows of the Dhaki, 
Manki and Bhodra, three affluent sp i l l -channels of the Shib sa 
system, to become the second widest es tuar ine channel of the 
eastern coastal delta in Bangladesh region. About 32 km north of 
the sea, the Pussur-Rupsha joins the Shib sa system and resu l t s 
in the formation of a 7.5 km wide Morzal r iver and debauches 
into the Bay of Bengal through the estuaries of the Marjata and 
Pussur . 
The Padma, locally knwon as the 'Podda ' , is the main 
channel of the Ganges in the Bangladesh t e r r i to ry . It forms the 
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northern and eastern boundary of the Ganges c^lta. It has 
maintained i t s flow with the discharges from the two mighty 
r ivers of the Bengal Basin, the Brahmaputra and the Meghna. 
The Padma was opened as a resul t of the diversion of the flow of 
the Brahmaputra (Jamuna) in the la te eighteenth century. 
However, from the very old age there was a small channel of the 
poor flow along the present course of the Padma. But during 
tha t period most of the Ganges water would pas s through the 
Bhagirathi-Hoogli or other western del taic d i s t r i bu t a r i e s . At 
present , for most of the year , the Brahmaputra contributes more 
to the flow of this channel ( i . e . , Padma) than the discharges of 
the Ganges itself (Rashid, 1977). This poor supply of discharge 
of the Ganges through the main channel is due to the recent 
commissioning of the Farakka Barrage on the Ganges by India 
and the withdrawal of i ts water into the Bhagirathi-Hoogli . Even 
then this channel ( i . e . , Padma) can be a t t r ibu ted as the main 
course of the present day Ganges. From Aricha (confluence of 
the Ganges and the Brahmaputra) to Sureshwor (near Chandpur, 
where it receives the flow of the Meghna) the Padma is about 
120 km long and 4 to 6 km wide. The Arial Khan, Far idpur Khal, 
Shosha Khal and Naria Khal are some of the note-worthy 
d is t r ibu tar ies of the Padma. The Padma joins the huge Meghna 
r iver about 5 km south of Sureshwor through a maze of 
ever-shifting shoals and chars and thenceforth continues as the 
Lower Msghna, and open and wide es tuar ine channel , to the Bay 
of Bengal. 
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The Arial Khan, presently one of the most active and 
huge channels of the eastern par t of the Ganges delta, was a 
major outlet of the Padma during the second half of the 
nineteenth century. The Far idpur Khal and Kumar, two 
d is t r ibutar ies of the Padma in the eastern pa r t of the del ta , fall 
into the Arial Khan at Shibchar. Although i ts upper reaches a re , 
to some extent, disturbed with the si l tat ion problem, the r ivers 
lower reaches are enriched with the contribution of the Meghna 
through i ts off-shoot t r ibutary , the Shafipur channel near Muladi. 
The Arial Khan joins the Meghna about 11.5 km north-east of 
Barisal tov^n. In northern Barisal district the Arial Khan 
received the flow of the Darika Don, Shworupkati Khal, and 
Kaliganj r ive r . The river Madhumati also falls into it in this 
region. The Barisal r ive r , Kalijira r ive r . Gob khan Khal, 
Rajapur Don, Bukhianacar Don, Bakerganj and Pandab r ive r s , 
Buriswar, e tc . are some of the numerous r ivers and streams of 
the eastern p a r t of the Ganges de l ta . 
In Figure 4.12 morphological aspects of a section of 
the r iver Dubaldia, an off-shoot of the Padma of the eastern par t 
of the Ganges delta, has been shown. Thes longprofile of this 
section of the stream shows a meandering course with marked 
changes in the bed-morphology. Figrue 4.12-a shows that the 
long profile of the Dubaldia covers a distance of 11 km. 
Figure 4.I2-I3 shows the thalweg morphology by the three 
cross-profiles, viz. , I , I I and I I I across the three sections of the 
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channel. The channel is 300 to 500 m wide. The depths along 
the thalv/eg in the long-profile indicates a ra ther var ied and 
changing bottom-morphology of the channel . The depths along the 
course of the long-profile ranges from 2 to 8 m below the SLW 
l ine . However, the average depth along the course in th is 
section of the Dubaldia r iver is about 5 m below the SLW l ine . 
All the cross-profiles (Figs. 4.12-1) : I , I I and I I I ) indicate tha t 
only a very small depth in the thalweg along this section of the 
stream v/as under water during the wet monsoon when the 
sounding for the measurements of the depths were conducted. 
Besides, in the cross-profile I , the depth is greater on the 
r igh t -bank , v i z . , 7 m below the 5LV7 l ine . In cross-profile I I , 
the thalweg is ra ther balanced and symsietrical while in 
cross-profile I I I the depth increases in the left-bank side of the 
channel (highest about more than 7m below the SL\7 l i ne ) . This 
3rd profile indicates an un-even and bra ided condition in the 
channel. Shoals and sand-bars are vis ible through out the 
banks and meanders of the channel . Only a lean thalweg portion 
carr ies the flow. 
Figures 4.13-a, b and c show some hydrological 
character is t ics of the channel Dubaldia. Figure 4.13-a shows the 
cross-profile of the channel across the turn cf the meander of 
Gajnipur, a few kilometres south of i ts off-take frorr. the Padma. 
Here the stream is about 500 m wide and the maximum depth is 
12.5m at the thalweg in the left-bank (50 m off the bank) , while 
the r ight-half of the channe l ' s depth is about 2 to 3m. 
F i g . 4.13 : D i s t r i bu t ion of Velocity a n d Di scha rge i n the Dubald ia Channe l of 
the Ganges Delta 
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Figure 4.13-b shows the velocity distr ibu:ion in the 
channel across the same cross-profile of the channel . The 
maximum velocity is recorded on the left side of the iross-profile 
in the thalweg and the highest velocity recorded is around 
lOm/sec. However, the average velocity is around 6 -/sec in the 
channel. 
Figure 4.13-c shows the volume of discharge in the 
3 
channel for the month of September which is about 1380 m / sec . 
The distr ibution of the velocity and discharge almost correspond 
to the cross-section depths in the channel by increase in the 
left-hand side subs tan t ia l ly . Par t icular ly the relationship 
betv/een the depth and velocity is very closely related in the 
channel,. 
Figure 4.14 shows the relat ionship between the 
basin-bottom morphology and the distribution of current velocity 
and flow-lines in the same channel for the month c: February . 
Cross-sections of the channel have been taken at two p laces . 
These figures indicate that at a certain low-water stage there 
will be hardly any velocity in the re la t ively la rge cross-sections 
in the river bends, while on the crossings — the profile of which 
is re lat ively small — the velocity and therefore the 
load-transportat ion capacity per unit width will be greater . 
Figures 4.15-a, 'b and 'c show the existence of an 
ox-bow lake on the right side of the r iver Arial Khan near 
The cross-profiles and other hydrological figures have been 
prepared from the data collected from the hydrogrsphic charts 
and reports prepared by the BIWTA and BV/DB throuth different 
years . 
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F i g . 4 .15: Meander and the Formation of Ox-bow lake in the Arial Khan River of the 
Ganges Delta 
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Magura. Figs . 4.15 also show the shifting nature of the deltaic 
stream. Fig. 4.15-a shows the channel in a meandering course. 
In Fig. 4.15-b the meander is distinct and a connecting l ink was 
opened within a distance of period of only about 10 years ( i . e . , 
1942 to 1952) . In the year 1952 a prominant ox-bow lake was 
formed and the r iver Arial Khan started flowing through a 
straightened course (Fig. 4 .15-c) . 
Figure 4.16 shows a cross-profile of the r iver Arial 
Khan near Chandra. This cross-section represents an ideal 
thalweg of a s t ra ight r iver - s t re tch . Here the channel is about 
230 m wide and the average depth of water-level is about 3.5 m. 
The bed shape of the cross-section of the channel shows an 
almost uniform flat-bottomed surface with 'U' shaped bas in . Both 
the banks are perfectly steep and abrupt . 
Analysis of a l l these cross-sections and other 
hydrological figures show some typical drainage charac ter is t ics in 
some of the deltaic r ivers of the eastern pa r t . All of these 
figures clearly indicate the active hydrological nature of these 
deltaic channels. All these varied yet significantly dynamic 
character is t ics of the channels typically reseable the nature of 
the ideal deltaic channels . 
The combined flow of the Ganges (Padma), Brahmaputra 
and Meghna Systems flow through the Lower Meghna Channel, the 
largest r iver of the Ganges delta, to the Bay of Bengal after the 
same name. The Lower Meghna actually is divided into two major 
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F i g . A.16 : Cross-Section of a Straight Stretch of the Channel of the Arial Khan 
of the Ganges Delta 
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channels by the formation of several huge braids or chars in i t s 
course. The major channel flows east and is 5 to 3 km v/ide 
while the v/estern one is about 1.5 to 2 km in width. After 
t ravers ing some km downstream the Lower Meghna is divided into 
three huge estuarine channels , which are the I l sa or Tentulia, 
Shahabazpur channel and Bamni, from west to eas t , respect ively. 
The Tentulia or I lsa separates Bhola Island from the mainland of 
Barisal discr ic t . This channel is about 5 km wide. The 
Rabanabad Island is formed a t the mouth of this channel . 
The Shahbazpur channel is 5 to 7.5 km wide and it separa tes 
Bhola from Ramgati and Hatia I s l ands . The Manpura Is lands 
have been formed at the mouth of this channel. The Bamni, 
easternmost channel of the Lower-Meghna, is now a dead-channel . 
And the flow of this channel now-a-days is shifted towards east 
and passes through the Shahbazpur channel . The estuary of the 
Lower Meghna may be considered to be the Tentulia and 
Shahbazpur channel, which together have a width of 32 km at the 
sea-face (Rashid, 1977) . At Chandpur port, the mean discharge 
of the combined flow of these channels from June to October is 
3 
about 850,000 m / sec . The mean maximum in this period of the 
3 
year is about 1.20 million m / s e c . In the lean period, ( i . e . , 
winter) the flow is reduced to about one-eighth of this amount, 
but the river is still several km wide. 
1A2 
4.3.4 Rivers of the Coastal Areas : 
The coastal dra inage system of the Ganges delta 
includes the Sundarbans t idal channels and creeks as well as the 
estuar ine channels of the eastern coast of the delta upto the 
Meghna mouth. The Sundarbans River System represents a 
complex network of drainage where the great trunk channels enter 
the tide-dominated south-western pa r t of the delta from the north, 
and are connected by innumerable d is t ibutar ies , vfhich after 
numerous bifurcations and in te r lac ings , unite into large estuar ies 
falling into the Bay of Bengal. These l a rger estuarine channels 
may be a t t r ibuted as the arms of the sea which penetrate the 
coastal land of the de l ta . The pr inc ipa l es tuar ine channels of 
the coastal areas of the Ganges del ta , proceeding from west to 
east , are : the Hoogli es tuary , Barotola, Saptamukhi, Jamira, 
Matla, Bangaduni, Gussaba, Raimangal, Malancho, Eara Panga, 
Marjatta, Bangara. Haringhata or Baleswar, Rab anab ad-Tentul ia , 
Shahb azpur (the Lower Meghna) channel . The other noteworthy 
r ivers of the coastal a rea of the del ta are the Pussur, Bishkhali , 
Thakuran, Kabadak, Hariabhanga, Dholpetua, Shibsa, Bhadra, 
Bhola, Buri5-,7ar, Andharmanik and Bahadur. Most of these 
streams belong to the Sundarbans area (Fig. 4 .3 ) . The minor 
r ivers and streams are innumerable in this coastal par t of the 
del ta . 
For almost al l of the Sundarbans r ive r s , there is a 
sloping bank with very l i t t le water on it near the land. 
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However, the b a n k is cut th rough by the c h a n n e l between two 
i s l a n d s or the mid -channe l b a r s . Here these channe l s a r e 
v a r i o u s l y s i t u a t e d , each h a v i n g a d i f ferent c o u r s e , b u t a l l have 
a c o n s i d e r a b l y soft bottom with an i n c r e a s i n g dep th of wa te r 
t owards the l a n d . In p l a c e s , t he dep ths of w a t e r r a n g e from 
20 m to 30 m in the S u n d a r b a n s c h a n n e l s . Scarce ly any change i s 
p e r c e p t i b l e in the course of these c o a s t a l r i v e r s a s they a p p r o a c h 
to the s e a . However, the p rocesses of e ros ion and depos i t ion go 
on r a p i d l y among the off-shore i s l a n d s (mostly t h e newly formed) 
and s a n d - b a n k s a t t h e i r mouths , e spec i l l y at the Meghna mouth, 
where t r a c t s of l a n d or c h a r s , a r e eroded a w a y from one spot 
and depos i ted a t a n o t h e r almost every y e a r . The bank of the 
r i v e r s i s a b r u p t s t e e p , a cco rd ing to the s t r e n g t h of the c u r r e n t s , 
while the other b a n k h a s moderate s lope where the c u r r e n t i s 
weak . All r i v e r s of the S u n d a r b a n s a r e a ( i . e . , sou th -wes t 
c o a s t a l a r e a of t h e d e l t a ) have a c l a y e y bed a n d a l l a r e much 
inf lueced by the t i d e s . Depths i n these c h a n n e l s a r e f a i r l y h i g h 
and the p a t t e r n s of d r a i n a g e i s h i g h l y complex (F ig , 4 , 1 7 ) . 
Almost a l l l a r g e r e s t u a r i n e c h a n n e l s a r e f a i r l y wide (10 to 
25/30 km) and suf f ic ien t ly a c t i v e . They enjoy profuse t i d a l flow 
of w a t e r s with the i n l a n d run-off from the d e l t a i c t r i b u t a r i e s . 
4.4 DEPRESSIONS, MARSHES AND SWAMPS OF THE DELTA : 
Depress ions , marshes and swamps , l o c a l l y known a s 
b i l s or b a o r s , a r e very common and t y p i c a l p h y s i o g r a p h i c 
f ea tu re s in the Ganges d e l t a and almost the e n t i r e d e l t a i c r e g i o n 
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is studded v/ith these na tu ra l depressions. Hov/ever, the 
occurrence of these lovz-lying surfaces vsiries place to place 
in the de l ta . The baors are numerous in the Old pa r t of the 
delta ( i . e . , north-west) and constitute the cut-off arms of 
decayed r iver channels , pr incipal ly of the ox-bow type. These 
lew-lying depressions, v/hich are known as the bi ls or baors 
originated from the decay or shifts in the courses of the del taic 
s treams. Chowdhury (1959) has observed : 
" that , the r ivers while changing their courses 
invar iab ly develop surface scratchings along their 
banks , these surfaces scratchings show the marks of 
innumerable par t s of r iver courses and their branches 
in an a r ea . In course of time, the depression as a 
whole is filled up leaving behind, here and there, 
marks of those par ts of the old courses of r ivers and 
their b ranches . These isolated par t s of the old beds 
of r ivers form a kind of bi l or low-lying depression. 
The r ive r s , while shifting their course from one bed 
to the other, sometimes leave behind the deeper 
portions of their beds and the low-lying depressions 
through v/hich they would formerly flow. After the 
r ivers had completely abandoned their courses, these 
would then remain behind a s isolated patches of very 
lov/ depressions and form b i l , swamps or marshy 
l ands . But in many cases, due to unequal 
sedimentation and levee bui lding, the intermediary 
par t s of the two r iver beds remain lower than the 
surrounding regions and form morasses and marshes". 
The 'del ta flank depressions ' in the lower deltaic region of the 
Ganges are formed by the similar morphological processes of 
unequal sedimentation. The t idal creeks have worked in the 
1A5 
formation of the southern depressions v/hile those in the northern 
edge are the produces of the fresh water d is t r ibutar ies from the 
nor th . Among the various types of these depressions the 
crescent-shaped loops, r iver cut-offs, slough cut-offs, pools and 
b i l s originated from the escape of marsh-gases need to be 
mentioned. Except the last type of the depressions al l of these 
low-lands are formed due to the decay or changes in the courses 
of the deltaic r i v e r s . The 'de l ta flank depressions ' of the 
southern deltaic region originated by the uneven sedimentation in 
these a r e a s . 
These 'de l ta flank depress ions ' , consisting of a series 
of b i l s and baors extend from the eastern pa r t of Far idpur 
dis tr ict to the Salt lakes in the east of Calcutta and their former 
size and shape have been shr inking due to the gradua l 
encroachments for agr icu l tura l or settlement purposes . 
The baors , which are the former decayed arms of 
r i ve r s , are numerous in the Old p a r t of the delta and they va ry 
in size from 0.5 sq.km to 7 or 8 sq.km in a rea . Baors are 
generally more s tagnant than bils and have water throughout the 
year . Among the numerous baors of the Ganges del ta , the 
Sagarkhal i , Jaleshwor, Bokor, Thampar, Jogini, Ichhamati , 
Joydia, Marjal are inpor tan t . Among the depressions, the 
Kalantar of Dakatia Pota mauza of Nadia distr ict is famous. 
Among the bi ls of the western Ganges del ta , the Chapra b i l , 
Begher b i l , Bangar b i l , Sinduri b i l , Padma b i l , Pat b i l , Salmari 
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bi l and Kumri bil are worth-mentioning. The Lanth hanqa , Boyra, 
Shahpur, Dakatia, Pabla , Boro, Kolo, Pat la , Boranal and 
Srirampur are some of the numerous b i ls spreading across the 
northern fringe of Khulna dis tr ict into the Central Delta Basin. 
The major b i l s in the Central Delta Basin hovi^ever a re the Katli, 
Nalua, Chatal, Moura, Nagarkanda, Kazlidanga, Baghila, Chanda, 
Uzan, Digra, Harhora, Ghazoria, Pcb nia , Bashor, Bogia, Tungi, 
Satla and Baldia. Most of these b ils become very lean and 
shallow in the dry season ( i . e . , October to Apri l ) . Even some of 
them become completely dry in the winter. Among the b i l s of the 
24-Parganas of West Bengal the Dhapa b i l (salt water l ake ) , 
Kulgachhi b i l , Barit i b i l , Boyra b i l , Dholkera b i l , Nagarghatta 
b i l and the Khaliskhali b i l were famous. Most of these 
depressions have been encroached upon almosi completely as a 
result of the pressure of population of the delta for agr icu l tura l 
purposes. In the ra iny season most of the low-lying areas of 
these former b i ls and b aors go under flood v/ater and remain 
submerged for a long time. Sometimes the problem of water 
logging becomes acute in these a r ea s . 
4.5 STRUCTURAL CONTROL ON THE DELTAIC RIVERS : 
From the study of the geological and tectonic aspects of 
the Ganges del ta , par t icu la r ly the cr i t ical analys is of the 
lineaments and faul t -pat terns in the Lov/er Bengal Basin, and the 
Ganges delta, it is evident that there exists a strong relation 
between the courses of the major deltaic r ivers and the 
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F i g . 4.18: Fault System of the Ganges Delta 
5 0* 0 J"! 10 0 2Z° ^ 
Source : Khodakar (1987) and Geological Survey of I n d i a (1?53) . 
149 
geo-tectonic s t ruc tura l controls of the region. The tectonic map 
of the Bengal Basin based on the geological map of India (GSI, 
1962) shoves the presence of several prominent fault-lines running 
NW-SE and NE-SW in the cent ra l , eas tern and the southern par ts 
of the Ganges del ta . The existence of the long and pronounced 
'Padma Faul t ' along the north and nor th-eas tern boundary of the 
Ganges delta and the 'Meghna Fault Zone' which crosses the 
south-eastern corner of the delta in a NE-SW direction indicates a 
clear causal - re la t ion between the courses of the deltaic r ivers 
and their s t ruc tu ra l controls (Fig. 4.18). The existing main 
channel of the Ganges (Padma) is maintaining i ts present NV/-SE 
zrend in accordance with the t rend- l ine of the 'Padma Faul t ' 
while the NE-SW trend of some of the south-eastern deltaic 
channels are related to the t rend of the 'Meghna Fault Zone ' . 
Sesoren (1984), using Landsat images of the pa r t of the 
Ganges delta (Band 5 and 7, 1973, '74 and '75), has traced some 
lineaments and with the help of these lineaments and the study of 
the geological and tectonic maps of the region, and t racing out 
the 'zone of weakness ' along the some of the NE-SV/ flowing 'Down 
Rivers ' of the south-eastern pa r t of the Ganges delta, point out 
that there is a s t r iking difference in the Ganges delta area in 
the courses of three t idal r ivers ( i . e . , south-eastern 
dis t r ibutar ies of the Arial Khan and the Lower Meghna) compared 
vrith the courses cf other r ivers of the region. These t ida l 
r ivers generally maintain courses in a NE-SW direttior. (Fig. 4.19), 
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whereas the other rivers have NV/-SE direct ions. 
Khondakar (1990) is of the opinion that the major 
deltaic channels are regulated by their tectordc and s t ruc tura l 
controls. 
Geophysical studies have also revealed numerous 
basements-involved faul ts , e . g . , N-S, E-V/, NE-SW and NW-SE 
trends in the Bengal Basin and in the Ganges delta . Nandy 
(1980) and Khondakar (1987) point out that it is apparent that 
the courses of the major streams including the Ganges-Padma and 
other Bengal Basin r ivers in the Holocene sedimentary cover are 
controlled by conspicuous NV/-SE faul t s . The ansvrer to the 
causes of the eastward gradual shifting of the courses of the 
Ganges main channel are related to these s t ructural controls. 
Amongst the other important s t ructural ly control streames in the 
deltaic region the Madhumati, Ichhamati and Bhairab are 
important. Again, the Madhumati r iver follows the 'Madhumati 
Fault Zone' while the valley of this channel is cut t y the fault 
2 
No.96 (Islam and Alam, 1988). The Ichhamati has teen cut by 
the fault No. 91 and the B h a i r ^ by the fault No. 93. These 
diagonal faul t- l ines (NE-SV/) across the norm-al flc-.v of these 
streams ( i . e . , NW-SE) affect adversely on the flew of these 
channels causing floods in the ra iny season in the deltaic region . 
The fault pa t te rns implies that these alignments of these r ivers 
may be very ancient . Sometimes they are disturbed by 
Aeromagnatic Survey of Bangladesh, Pet ro tangla and the 
Geological Survey of Bangladesh, 1981 and Pitman, 1?:4. 
2 
Fault No. 93, Fault No. 94 and Fault No. 95 (Khondakar, 1990). 
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F i g . 4.19 : Structural Control on the Deltaic Rivers 
Source : Sesoren (1984) and Khondakar (1987) . 
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e a r t h q u a k e s as v/as the O l d - B r a h m a p u t r a in the e a r t h q u a k e of 
1762 (Brammer, 1971) . 
4.6 FLOODS IN THE GANGES DELTA : 
In the Ganges d e l t a , which i s completely a v a s t l eve l 
t r a c t of l a n d , floods have a l w a y s been a r e c u r r e n t f e a t u r e . 
Dur ing the l a s t few decades the de l t a h a s been e x p e r i e n c i n g 
r e c u r r i n g floods of t r emendous d e s t r u c t i v e n a t u r e . 
The Ganges d e l t a l i e s a t the confluence of t h e t h r e e 
mighty r i v e r s of t h e wor ld , t he Ganges , B r a h m a p u t r a and 
Meghna. The i r numerous t r i b u t a r i e s and d i s t r i b u t a r i e s i n t e r l a c e 
the de l t a a n d i t s s u r r o u n d i n g a r e a s . D r a i n i n g a to ta l ca tchment 
a r e a s of about 1.5 mil l ion sq .km these s t r eams jo in each o the r in 
the p l = in of the Bengal Bas in a n d help in a u g m e n t a t i n g the 
f loods . 
The s t reams and r i v e r s of the Ganges d e l t a d r a i n a n 
a v e r a g e of about 900 maf of wa te r pe r y e a r to the Bay of B e n g a l . 
Moreover, t he de l t a and i t s ad jo in ing a r e a s get ano the r 250 maf 
r a i n vrater p e r y e a r . The a n n u a l mean r a i n f a l l of the d e l t a i c 
r e g i o n i s 1800 mm of which n e a r l y 80 pe rcen t f a l l s d u r i n g the 
per iod from June to September . S imi l a r l y , about 80 p e r c e n t of 
the a foresa id v a s t sur face flow t h r o u g h the Ganges d e l t a i s 
concen i r a t ed in these four months . 
All the above mentioned t o p o g r a p h i c a n d 
h y d r o - r l i m a t o l o g i c a l fac tors have made the d e l t a i c reg ion h i g h l y 
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g i g . 4 .20: The Ganges Water Levels During 1987-Floods 
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Source : Miah (1988) 
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prone to floods. Besides, the delta is suijjected to inundation by 
over-bank spil ls due to dra inage congestion, ra infa l l run-offs 
and cyclonic and t ida l surges . Some 20 to 30 percent of the 
total deltaic surface is flooded every year , while the high floods 
inundate an average of about half of the area of the delta. 
From 1954 to 1988, more than a dozen floods occured in the delta 
and caused serious loss and damage to lives and property in the 
region (Rob, 1990-a) , 
In the deltaic region, the flood v/ater normally moves 
from the up-stream to the down-stream of a r iver in the form of 
a soli tary v/ave. Therefore, it has an advanced front, a peak 
and the recession l imb. As a flood-v/ave moves down the river 
channel, the depth of water increases gradual ly at a station and 
the water spreads over the section of the stat ion t i l l the peak of 
the flood reaches the s ta t ion. In this phase the flood engulfs 
first the lov^-lying areas (v iz . , lower depressions, b i l s , e t c . ) , 
then the arable fields and dwelling houses; afterwards the roads, 
highways, railv/ays, e tc . However, this order normally depends 
upon the land features of any region. 
On the basis of the na ture and origin of inundations 
the Ganges delta and its adjoining flood p la ins experience 
different types of floods, v i z . , i) normal or monsoon floods, 
i i ) high intensity ra infa l l floods, i i i ) accidental floods due to 
breaches in embankments, and iv) cyclonic surges and t ida l bores 
(coastal types) . 
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Fig. 4.21: Discharge of the Ganges in 1987-Flood5 
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Usua l ly , a normal or monsoon flood in t. z- Ganges d e l t a 
a d v a n c e s g r a d u a l l y ; a t t a i n s the peak s lowly and them recedes 
qu i t e u n h u r r i e d l y . The d e v a s t a t i n g effect of t h i s type of flood i s 
felt most when the flood is a t i t s p e a k and a l so the d u r a t i c n of 
flood i s l o n g e r . The F i g . 4.20 shows the occu r rences of the 
d e v a s t a t i n g flood of 1987 on the Ganges-Padma c h a n n e l . This 
flood was of the monsoon- type with high p e a k s and long duration. 
The F igu re 4.20 r e c o r d s the f lood- levels a t four di f ferent s t a t i o n s 
on the Ganges -Padma , v i z . , R a j s h a h i , Ha rd inge B r i d g e , Goalundo 
and B h a g y a k u l and w a t e r - l e v e l s were recorded for the months 
from June to October . Almost a l l t he r e a d i n g s show t h a t the wa te r 
levels s t a r t e d to r i s e g r a d u a l l y from June and a t almost a l l the 
s t a t i o n s c rossed the d a n g e r - l e v e l (DL) in August and r e m a i n e d , 
with some e x c e p t i o n s , above the d a n g e r l eve l u n t i l l a t e 
September. In the f i r s t week of June , the w a t e r l eve l a t 
Hard inge Br idge s tood at above 6 m PWD and from t h a t point the 
wa te r leve l rose s t e a d i l y for the nex t two months and c rossed the 
d a n g e r level in the f i r s t week of Augus t . The h i g h e s t s t a g e of 
the Ganges-Padma d u r i n g the 1987-flood was 14.79 m, which i s 
1.23 m above the d a n g e r - l e v e l and t h i s peak was a t t a i n e d in 18th 
September (BWDB, 1987) . Dur ing t h i s flood, the Ganges flowed 
1.17 m, 1.23 m and 1.14 m above the d a n g e r - l e v e l a t R a j s h a h i , 
Hardinge Br idge and Goalundo r e s p e c t i v e l y , in the months of 
August and September . 
F i g u r e 4.21 shows the flood d i s c h a r g e of the same river 
d u r i n g the 1987-floods a t Hard inge Br idge . Here d i s c h a r g e of the 
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r iver has been shov/n for the five monsoon months from June to 
October. Since April, 1987, the lowest discharge of the Ganges at 
3 
this station was 915 m /sec on 6th April (Miah, 198B; . 
Throughout April and May the discharge of the river rose and 
fell in a haphazard manner. Figure 4.21, however, shows a 
3 
sharp rise in the second week of June from 1240 m /sec on 8th 
3 
June to 1810 m /sec on 15th June. Another sudden spurt in the 
discharge was observed in the second week of July frcm 
3 3 
6980 m /sec on 6th July to an abrupt increase to 12,200 m /sec on • 
3 
13th July and then to 17,200 m /sec on July, 20th. Since then 
the discharge continued to increase unti l it a t tained the peak 
3 
discharge of 76,000 m /sec on 19th September. This peak was 
3 
2,800 m /sec higher than the highest ever flood-discharge recorded 
for the Hardinge Bridge station on 1st September, 1961. 
The coastal belt of the delta is vulnerable to the 
cyclonic surges and t ida l bores. Due to the shallow water effect 
and the funnel shape of the coastal region of the Ganges delta, 
the cyclonic surges and t idal bores can easi ly submerge the 
extremely flat and low coastal belt region. Moreover, if the 
pounding waves of cyclonic surge coincide with a huge t ide , their 
amplitudes may be as high as 10 to 12 metres. This type of 
inundation is locally known as Gorkey and it causes immense 
damage tc life and property of the coastal people of the delta. 
Such cyclonic surges ravaged the coastal par ts of the Ganges 
delta in 1960, '61 , '53, '55, '70, '85, '87 and '88 . Most severe 
cyclonic floods generally occur in the months of October ar.d 
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November. About 10,000 sq.km area of the coastal region of the 
Ganges delta is vulnerable to the floods. 
Figure 4.22 shows the a reas in the Ganges del ta prone 
to floods. I t vrill be seen from Fig. 4.22 that the maximum area 
of the delta is vulnerable to inundations of various types . The 
coastal areas experience floods of t ida l and cycloni: type while 
the whole of the 'Mature' and the p a r t of the 'Younr' portion of 
the Ganges delta including the vas t Central Deltaic Basin is 
vulnerable to inundations from the spi l lage of the najor r ivers , 
and most of the areas of the 'Old' and the western pa r t of the 
'T ida l ' del ta suffer from the floods due to over-ban?, flow of the 
minor r ivers (Rob, IS'BG-a) . However, the most severe flood-
prone area of the del ta is the Far idpur flood basin (the Central 
Deltaic Basin) , between the Padma and the Gorai-Madhumati 
r i ve r s . Besides, due to the dra inage conrestion and 
comparatively Icwer elevation of the deltaic surface, most of the 
delta-flank depressions and bi l -baor a reas of the rsgion remain 
under water for more than six months of the year . 
4 . 7 GROUND WATER : 
Because of the topographic condition and soil-si tuat ion 
of the deltaic region, the water t ab le is generally high in the 
Ganges de l ta . The highest level var ies from 0.7 m tc about 2.0 m 
in the monsoon period (July to October). In the coastal bel t , 
aquifers with fresh (potable) water a re usually at depths below 
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100 m and often as lov/ as 3,000 m belov/ the ground surface 
(Rashid, 1977). The na tura l fluctuation of the water tab le in the 
Ganges delta varies from 2 m to over 8 m. According to Basu 
(1976) even the r iver Bhagirathi receives effluent seepage from 
the ground v/ater during the winter months of December and 
January and sach seepage continues unabated unti l monsoon 
a r r i v e s . It can be summerised tha t most of the del taic r ivers of 
the northern and north-western Ganges delta receive a subs tan t ia l 
amount of under ground water during the dry season. It has 
been explored that the hydrological conditions of the deltaic 
a rea , especially in i ts coastal a r ea , the under ground geological 
settings va ry considerably even within short d is tances . In the 
main under ground aquifer of the region, ground water flows from 
north to south having localized out flov/ into r ivers and ponds in 
the dry season and inflow into the aquifer from surface-water 
sources in the ra iny season. The ground water gradient in the 
region varies from 1:15,000 in the northern delta to 1:20,000 in 
the coastal area (ESCAP, 1988) . Transmissivities of the main 
2 
aquifer in the coastal a rea range from 250 m / d a y to 
2 2 
10,000 m / d a y , with an average value of 1,000 m /day (BV/DB, 
1987) . The storage capacity of the aquifer generally increases 
with depth with the increase in the size of aquifer mater ia ls . 
Stratified al luvial deposits of clay, si l t and sand 
layers are common features of subsoil formation in the deltaic 
region. The entire area is underlain by thick water-bear ing 
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formations of varying depths. Shamsuddin (1985) has observed 
tha t , in the coastal a reas (v iz . , Khulna, Barisal areas) brackish 
ground v/ater is ava i lab le within 0 to 2.5 m below the ground 
surface. In some regions, low-saline ground water is avai lable 
in deep aquifers at a depth more than 150 m. It appears that a 
s teady flov/ of fresh water in these deep aquifers from north to 
south has pushed sal ine water towards the sea. Pockets of fresh 
water are also avai lable around low-saline surface-water sources, 
usual ly beneath the old ponds and the r ivers (ESCAP, 1988) . 
C H A P T E R -
EVOLUTION AND CHANGES IN THE GANGES DELTA 
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5.1 THE ORIGIN OF THE GANGES DELTA : 
The morphology of the Ganges del ta , especially i t s fluvial 
morphology has been undergoing constant change. The evolutionary 
proceses in the Ganges delta is related to the evolution and 
changes in the whole of the Bengal Basin. Though the entire 
Bengal Basin, par t icular ly the Ganges del ta , shows enormous 
aggradat ion , this has not been the only fartor controlling the 
physiographic evolution of changes there in . The subsurface geology 
has played an important role in these evclutionary processes. 
Besides, the fluctuation of sea-level during the pas t geological ages 
and the recent subsidence of heavily silted del taic t rac t s should 
also be taken into consideration. 
The origin of the Ganges delta can be traced back from 
the late Pleistocene when the sea water finally receded from the 
Bengal Basin (Singupta, 1972) . The whole delta and i t s adjoining 
p la ins of the Bengal Basin have been formed by the deposition of 
enormous quantity of the Tertiery and Quaternary sediments brought 
down by the Ganges, Brahmaputra and the Meghna River Systems on 
a comparatively shallow epicontinental sea whirh was v i r tua l ly an 
extension of the existing Bay of Bengal. At that period almost the 
whole of the lov/er Bengal Basin was under :he sea. The then 
Chhotanagpur rivers like the Mayuraksi, A joy, Damodar and 
Rupnarayan also contributed substant ia l ly to the fo'rmation of th is 
deltaic l and . 
Deb (1955) is of the opinion tha t the Gangetic delta did 
not originate according to the normal process ci deltaic formation 
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like the Mississipi or the Nile de l ta . It was a sagging land 
formation instead, and throughout the Quaternary are the delta 
experienced extensive fluvial aggradat ion by the Ganges, 
Brahmaputra and the Chhotanagpur r ivers from the North to West. 
As the land surface gradua l ly sank below the s=a-level, the 
r iver-borne denuded detritus accumulated on its sagging surface 
and kept the level constant. It has been an area of "sedimentation 
subsidence", and s t i l l to-date the del ta of the Ganges is presumably 
subsiding by the weight of huge thickness of sediments and the 
effect of this subsidence is being counter-balanced by the 
continuous deposition of sediments brought down by the three 
mighty rivers and their numerous d is t r ibu tar ies (Rudra, 1987) . 
Pascoe (1919) is of the view tha t during the Eocene the 
Chhotanagpur r ivers were more active and in the init ial phase of 
aggradat ion in the Bengal Basin these streams played v i ta l role. 
At that time, the north Indian p la in was drained by the mighty 
r iver 'Thee IndoBrahm or the Siwalik' which flowed from east to 
west along the foot of the Himalayas and debauched into the 
Arabian sea through the present Indus out le t . V/adia (1976) 
pastulated that the rise of the Potwar Pleteaue brought about a 
dismemberment of the 'IndoBrahm' giving rise to the Indus and the 
rest of the eastern-system which s ta r ted to flow towards the east , 
to be discharged into the Bengal and Sylhet lakes , gradual ly 
s ta r ted to flow as the river Ganges. Rudra (1987) opined that due 
to the failure of the north-Bengal and Sylhet lakes to accommodate 
the huge discharge of the changed ' IndoBrahm', they star ted to 
155 
release the stored water throu<fh the breaches of ths elevated 
ba r r i e r chain of the Rarh-Barind-Madhupur and Lalmai uplands 
(Pleistocene terraces) to the south a t several places . Besides, the 
lovrering of the sea-level during the Pleistocene period brought 
about rejuvenation in the r ivers of the Bangal Basin. At the same 
tirae, the process of the ' s t ream-lengthening ' by the headward 
erosion enabled the combined outlet of the Chotanagpur r ivers (v iz . , 
the Froto-Bhagirathi) to extend itself upward ( i . e . toward 
ncr th-east) to reach the north-Bengal-Sylhet l akes . This process of 
' s t ream-captur ing ' might have happened with the help of a fault 
(v iz . , the Maghna Fault) along th is t rend. Simultaneously the 
Meghna also had extended on outlet to the aforesaid takes the same 
process of capturing through erosional act ivi ty across Bhairab 
Bazar area in Bangladesh ( i . e . , nor th-east of the apex of the 
delta) . Through this process the two outlets of these water bodies 
appeared in the lower Bengal Basin to give bi r th to the existing 
estuarine courses of the Ganges and Meghna respectively. The 
Ganges s tar ted to flow through the course of the present-day 
Bhagirathi-Hoogli and the Brahmaputra from the north would flow to 
the s t i l l pronounced north Bengal-Sylhet lakes and this water, 
through the Meghna outlet would ultimately debouch into the Bay of 
Bengal as a separate single channel . At the in i t ia l stage the 
Ganges and the Brahmaputra-Meghna had no connection with each 
other. But due to soma obvious tectonic influences the Ganges 
star ted to shift i ts course tov,'ard an easterly direction. The 
ear thquake of 1830 worked to divert the Brahmaputra course toward 
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east to be connected v/ith the Ganges course instead cf i t s former 
easter ly course v/hich would flov/ to the Meghna. Bagchi (1944) is 
of opinion tha t the causes of the easterly migration of the course of 
the Ganges are related with the eastward t i l t ing of the region due 
to the tectonic disturbances and the influence of the Pa r re l ' s Law. 
Bagchi 's explanation does not seem convincing. The easter ly 
shifting of the Ganges flow may be at t r ibuted to the south-easterly 
dip of the Tertiery and Quaternary sediments. The subsidence 
along the course of the present-day Ganges has caused this easterly 
shift of the Ganges main-flow which ultimately s tar ted to follow the 
exist ing course of the Padma-Meghna in Bangladesh. 
The fact that the Bhagirathi-Hoogli was the main outlet of 
the Ganges is established from the shape of the Ganges delta 
coast-line.. Til the mid-twenteath cuntury the deltaic extension 
towards the south was maximum along the Hoogli es tuary (Majumdar, 
1942 and Bagchi, 1944). Although the eastern deltaic coast had 
been receiving most of the sediment loads through i t s Erahmaputra-
Meghna estuary for long period, the apparent land-bui ld ing 
operation was much advanced in the western coast of the del ta . 
Indicat ing this topographic s i tuat ion, Majumdar (1942) has 
postulated the theory that the main flow of the Ganges was through 
the Hoogli estuary for a much Icnger period than along the Padma-
Meghna estuary as it exists now. Since the beginning c: the current 
century, the land building activities along the eastern coast of the 
delta have gained momentum and in the present study, it is found 
that in recent years the progression of the deltaic land in the Bay 
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of Bangal is much faster and pronounced than tha t of i t s western 
coast . Besides, in the v/estern coast of the delta the s ta te of land 
accretion shows a ra ther s ta t ic or meagre development (Rob, 1989-a). 
During the course of the easterly migration of the Ganges, 
a series of intermediate d i s t r ibu ta r ies like the Bhairab, Ja langi , 
Mathabhar.ga, Ichhamati, Garai and Tetulia were opened and some 
of them had been used as the pr inc ipa l outlets of the Ganges water 
for some period (Chov/dhury, 1954). Finally the Ganges has chosen 
the existing course of the Padma-Meghna as the main outlet for its 
flow. Moreover, in the course of the l a s t century it has efficiently 
captured the flows of the Brahmaputra and Meghna. 
With regard to the Palaeo-geomorphology of the Ganges 
delta Hunter (1875) has put forward some evidences. With reference 
of the Revenue Survey Report of Calonel J.E. Gastrell, he described 
the subsidence of the deltaic region. According to his account it 
becomes apparent that a general subsidence has operated over the 
whole extent of the t idal pa r t of the del ta . Hunter recorded that 
in the course of the survey, clear . proofs of the subsidence were 
found in. the newly excavated tanks were the s tanding remains of 
'Sundr i ' trees of various sizes, with their roots and the lower 
par t s of trunks have been discovered exactly as they should have 
existed in former days . These burr ied trees were found at different 
depths varying from 6 to 10 meters in different p laces . The upper 
portions of the t runks , broken off and embedded in a stratum of 
decomposed vegetable mould 47 cm in depth leaves, grass and ferns 
could readi ly be seperated. Below this were thinner s t ra ta of clays 
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and other organic mould corresponding to the Calcutta peat , while 
above v/as a stratum of argil laceous shel ls . Stumps of 'Sundri ' 
trees v/ere also found at Sialdah of Calcutta region at various 
levels dov/n to a depth of about 10 to 12 meters (Hunter, 1875) . 
Morgan and Mclntire (1959), during their geological 
invest igat ions in the Bengal Basin, dril led many borings and found 
sufficient indications of subsidence in the deltaic region to the 
extent of 6.7 meters at Dhakikhal, 6.0 meters at Doblarcher and 
10.5 meters at Shekertak ruins near the Shibsa river in the 
Sundarbans region. Similar evidence of subsidence of the deltaic 
lands has been found in the Central Delta Basin and i t s western 
fr inges. 
The evidences of these hurr ied deltaic plants and other 
remains below the recently deposited sediments indicate the 
continuous heavy siltation and the g radua l 'stibsidence in the Ganges 
de l ta . The scientific goe-chronological studies like the Pollen Study 
or the Carbon-14 tests may indicate the exact a^ ge and other 
palaeogeomorphological data and information about the deltaic 
region as well as i ts history, evolution and changes. 
5.2 GANGES DELTA IN THE HISTORICAL PAST : 
No scientific information is avai lable regarding the 
evolution or changes in the Ganges delta and i ts r ivers and 
channels in prehistoric times. However, some ancient Indian 
v^ritings, l ike the Matsya Purana , give the most antiquated 
description regarding the course of the Ganges. In this Purana the 
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name of Bhagirathi is also recorded as the older channel of the 
deltaic region. In the 121 s tanza of this Purana it is distinctly-
stated that the Ganges fell into the 'southern sea' past the 
countries of the Kurus, Bhara tas , Panchalas , Kausikas, Magadhas, 
Brahmattaras , Vangas and Tamral iptas , after having dashed 
against the Vindhya h i l l s , i . e . , h i l l of Rajnahal . The above 
mentioned l a s t three places are identified to be in the modern 
Bengal a r e a s . From the above course-derection it becomes clear 
that the western most flow of the ancient Ganges which flowed pas t 
Tamralipta or the modern Tamluk of V/est Bengal was the Bhagirathi 
and in that record this channel was identified as the main flov/ of 
the Ganges. Besiders, the account of the 'Vanga' also indicates 
some other easterly flows or courses, which might have comprised of 
several deltaic d is t r ibutar ies including the delta-mou:h outlets of 
the ancient Ganges delta (quoted in Bagchi, 1944). 
Among the old t r ave l l e r s ' accounts, the description of the 
course as. well as the location lof the Ganges by. famous Greek t rave l le r 
Magasthanese deserves special mention. He has described the lower 
course of the Ganges of 300 B.C. He recorded tha t , in his time the 
Ganges would debauch into the sea forming the eastern boundary of 
the Gangaridae - - the then lower Bengal country. Fror. his account 
it becomes evident that Magasthanese kno'.v about easternmost course 
of the Ganges as i t s pr incipal channel . 
Ptolemy (150 A.D.) described the Bhagirathi or the 'Adi 
Ganga Course' as the main flov/ of the Ganges and he mentioned 
the Kambyson or the Hoogli mouth as the pr incipal cutlet of the 
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r ive r . Of course, he has mentioned other four pr incipal mouths of 
the Ganges in the delta, namely, the Megnum, Camberichum, 
Peseudoflomum and Antiboliftium, from west to east respect ively. 
Begchi (1944) has identified these historic channels as to-days 
Raimangal or Hariabhanga for the Megnum, the Kumar for 
Camberichum, the Daksin Shahbazpur Channel (Hatia Channel) for 
Pseudoflomum and the Sandwip Channel for the Antiboliftium 
(Fig. 5 . 1 - a ) . 
In the beginning of the Christ ian era Periplus (60 A.D.), 
another Greek writer, also identified the Padma course as the main 
flow of the Ganges. He however did not provide any information 
about the other channels of the de l t a . 
The noted Muslim t rave l le r Ibn-Batuta (1328-'54) has 
mentioned the presence of the Nahr-e-Azrak or the Blue-river as a 
major channel of the north-eastern deltaic plains which resembles 
the existing Meghna r iver . According to Mukherjee (1938), during 
the period ranging from 12th century to 15th century the Ganges 
probably flowed through the Sarashwati Channel into the Bay of 
Bengal, and at that time the ancient eastern branch of the Ganges 
was t raceable in the chain of jheels and morases which extended 
from Purnea in the north-west to south-east . Mukherjee further 
mentions tha t , the channel of Padma emerged as the pr incipal 
channel during the 14th and 15th centuries due to the deflection of 
the Kosi river to the west resul t ing a much affluent and increased 
discharge through the east . To visual ise a general idea of the 
physiography of the basin as v/ell as the del ta , the ea r l i e r 
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Portuguese maps can be of some help (Appendix - IV ) , A careful and 
cr i t ica l analys is of the Portuguese map shows that the deltaic part 
of the Bengal Basin had undergone periodical subsidence or 
submergesnce a s well as changes in the physiographic situation 
during those period ( i . e . 15th and 17th centur ies) . 
The Portuguese maps of De Barros (1550) and Gastaldi 
(1561) are the oldest of the modern maps of the Ganges de l ta . In 
the maps of the De Barros (1550, F ig . 5.1-b) and Gastaldi (1551, 
F ig . 5.1 - c) Gaur was shown on west of the Ganges r iver from 
where the main flov^ of the river turned south-east through the 
Bhairab course and la ter flowed through the Sarasv/ati (now almost 
defunct) into the Bay of Bengal. I t becomes evident from the 
ana lys is of the 16th century maps of the deltaic region tha t in the 
mid-sixteenth century the Saraswati was the principal channel of 
the Ganges. The map of De Barros further reveals tha t , in the 
sixteenth century the Ganges (Bhagi ra th i ) , Jamuna (Deltaic) and 
Saraswati were three major channels of the delta with almost equal 
width or volume. These maps clearly show tha t , the t rac t between 
Malda and Murshidabad \ias the ancient pa r t of the Ganges delta 
v/here the streams have silted up and s t i l l many spill channels had 
been functioning among which the Saraswat i , Bhairab and Bhagirathi 
were major stream. However, many dis t r ibutar ies were choked-up 
with si l tat ion and had reached their decaying stage. The then main 
channel of the Ganges generally flowed through the Kalindi off the 
Rajmahal Hills and then turned southv/ard into the lower course of 
the Mahananda, east of the ruins of ancient Gour ci tv. In the 
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Fig . 5 . 1 : Some Early Maps of the Ganges Delta and i t s Surrounding Areas 
a) Ptolemy's Map 
b) J. De Barros ' Map 
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la te r pcirt of the 16th century, according to Mukerjee (1938) . The 
Padma ( i . e . , existing flow of the Ganges) cut right across the 
dis t r ic ts of Malda, Rajshahi and Pabna and flowed through the 
Dhaleswari channel, which presently flows along the southern fringe 
of Dhaka dis tr ict para l le l to the northern boundary of the Ganges 
del ta , or probably even further north along the bed of the Buri 
Ganga r iver of Dhaka. The De Barros map shows that the 
confluence of the Ganges and Brahamaputra was a t Bander, a place 
corresponds to where Sripur in Dhaka dis t r ic t of Bangladesh 
(Fig. 5.1 - b ) . 
According to the accounts of Khulassat of the Mogul 
period, one of the several channels of the Gangets-system of the 
del taic region flowed east and was known as the Padmabati ( i . e . , 
the Padma), while the another branch turned south and 
subsequently split into several branches of which the first was 
called the Saraswati , the second Jamuna and the third Ganga. 
This third channel was further divided into 'hundred ' and finally 
fall into the sea belovf the par t of Stagaon ( i . e . , Chittagong of 
to-day. Sen, 1891). 
In the l a te r par t of the 16th century, the Padma or the 
present Ganges constituted as the main stream of the Ganges. 
The map of Matheus Van den Broucke (1650) shows the 
Ganges delta and i ts r ivers of the Seventeenth century (Fig. 5 . 1 - d ) . 
This map indicates that during tha t period the Bhagi ra th i , through 
which the waters of the Ganges used to pass from the 12th to 15th 
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centu. '-25, is no longer the main channel cf the Ganges. The 
Padma., which is shown as a wide and braided steam, now carr ies 
the bulk of the Ganges water. The Bhagir = :hi however, is s t i l l 
connected with the Ganges north of Murshidab = d, and serves as its 
westernmost d i s t r ibu ta ry . The Jalangi and Chandana, two other 
d i s t r ibu ta r ies of the Ganges are also shown ir. this map. Both are 
flowing towards southeast to meet the Bhagirath.i downstream. 
These maps, being the pioneering attempts to represent 
car tographical ly the deltaic a reas of the Bengal, a re not sufficiently 
accura te . Of course, some of these do show the re lat ive importance 
of the main deltaic channels as well as the extent of the deltaic 
l and . There i s , however, a tendency to eciphasj,3_e; the western 
d i s t r ibu ta r ies of the Ganges (Viz. the Bhagirathi) as these were 
more frequently used for navigation, ignoring the other important or 
sometimes the pr incipal flow of the r iver (viz. the Padma) in these 
maps. These early modern maps can however be used for t racing 
the old channels of the Ganges and other deltaic s t reams. 
5.3 CHANGING MORPHOLOGY OF THE GANGES DELTA : 
Rennell to Recent Period ( 1780 - 1990 ) 
The entire Ganges delta as well as i t s numerous r ivers 
and d is t r ibu tar ies have been experiencing constant morphological 
evolution and change. Since the making of the first authentic map 
of the Bengal region by Rennell in 1780, aften his survey of the 
region in 1764 - '79, substant ia l changes hav= taken place in the 
total hydrographic condition of the major rivers as well as of the 
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other channels of the delta and these changes have affected the 
entire morphological setting of the delta and its surrounding a r e a s . 
Among the various hydrological changes in the deltaic r ive rs , the 
changes in the course of the channels , migration of the banklines 
and shifting in the thalwegs of the r ivers are noteworthy. Process 
of erosion and deposition in the del taic rivers and the ceaseless 
fluctuations in the flow and discharge have brought about the 
changes in the deltaic streams ' and their floodplains. Besides, the 
coastal a rea of the delta, especially i t s coastline, has also 
undergone considerable changes, l ike the changing courses of the 
de l t a - r ive r s . Other morphological features of the delta, like i t s 
marshes and depressions, pla ins and coastal f la ts , off-shore is lands 
and shoals have been changing their size and locaticn as well as 
their topographical appearance. Huge accretion is taking place in 
some areas while the other portions of the delta are being eroded 
simultaneously. Such changes and evolution in the morphology of 
the Ganges delta have given it a special s ta tus among the other 
l a rger deltas of the world. In the present study attempts have 
been made to find out these changes and evolution of morphology of 
the Ganges delta during the last two centuries, since the survey of 
P.ennell (1780) upt the modern time (1990). The study of these 
changes have been catagorised as follows : 
1. changes in the crurse of the Ganges main channel, 
2. changes in the banklines of the Ganges, 
3 . changes in the thalweg of the Ganges, 
4. changes in the ccnfluenca of the Ganges and Meghna, 
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5. changes in the other del ta ic r ivers and morphological 
features', 
6. changes in the coastline and the off-shore areas of the 
Ganges del ta . 
5.3.1 Changes in the Geinges Main Channel : 
In order to examine the changes in the main channel of 
the Ganges in i ts deltaic course, s tudies have been made to findout 
the shifts in the course, the migration of the banklines and the 
shifts of the thalweg. 
The section of the main channel of the Ganges which has 
been selected for the present s tudy stretches from Shibganj of 
Rajashahi distr ict to Chandpur port in Bangladesh. This section of 
the Ganges is known as the Padma or Podda which follows the 
northern and north-eastern boundary of the delta as i t s course. 
The length of the Padma from Shibganj to Chandpur is abot 340 km. 
5.3.1.1 Changes in the Course : 1780 to 1980 
For the purpose of comparison, Rennell 's map (1780) of 
the Ganges delta has been selected a s the base map. The two other 
maps - - one that of the Survey of India (1880, Rev. Survey) and the 
other prepared from the SPARRSO (Bangladesh) Landsat ' s satel l i te 
imagery (1979), have been used in the present study. In this 
comparative analys is , changes in the main channel c: the Ganges, 
the pr incipal stream of the delta, have been investigated for the 
las t two centuries. For the convenience of the ana l / s i s these three 
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maps have been brought to the same scale ( i . e . , 1 cm to 15km) and 
the total length of the Ganges (Padma) under study is divided into 
tv/o convenient sections, i . e . (a) Shibganj to Aricha (Fig. 5.3} and 
(b) Aricha to Chandpur (Fig. 5 .4) . The complete length of these 
tv/o sections of the channel has been shovrn in the Fig. 5.2 
together . The entire section of the Ganges under the present study 
falls within the terr i tory of Banglasesh. 
(a) Shibganj to Aricha : This section of the main channel of 
the Ganges stretches from Shibganj of Rajshahi district in the 
northern delta to the confluence of the Brahmsputra (Jamuna) and 
the Ganges (Padma) at Aricha (Fig. 5 .3) . Significant shifting of 
the course can be observed in th is section of the channel when 
comparison is made between the map of Rennell (1780) and the map 
of the Survey of India (1880). However, the change was not the 
same in all p laces . Larger meander bends can be observed in the 
courses in a l l the three maps of the l a s t two centuries viz. 
1780, 1880 and 1980 ( '79) . In 1780 (Rennell 's map) the then Ganges 
used to flow through a ra ther s t r a igh t and wide channel. The 
width of the channel in this section has gradual ly been reduced 
since 1780. 
On the map of the Survey of India (1880), near 
Charghat the Ganges has shifted to a maximum distance of about 
20 km north-east from i ts former course of 1780 and near Pakshi the 
course of the river has shifted 15 km north of i t s 1780-position. 
During that period the average width of the r iver has also been 
reduced to about one third of i ts former vddth. In Rennell 's time 
the average width of the river in this section v/as 5.4 km while it 
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was 8.04 km for the upper section under s tudy . During that period 
the maximum width (8.7 km) v/as measured at Kishnapur and minimun 
(2.6 km) at Pa t ra t . In 1880 the average width of the river was 
4.0 km and in the upstream section under the present study it was 
6.5 km. This reduction in width of the Ganges in this section was 
due to the excessive si l tat ion in the channel-bed and banks of the 
r ive r . In Rennell 's map, 8 major point bars and 9 major 
mid-channel bars in the course of the Ganges have been recorded. 
While in the map of the Survey of India (1880) the number of the 
channel bars or chars have increased s ignif icant ly . However, in 
the 19th century (1780 to 1880) the sinuosity raito in the section of 
the Ganges under study is reduced from 1.50 to 1.41 with the 
reduction in the total number of bends in the course of the r iver 
from 12 to 10 for the entire section (Table 5 .1 ) . 
In Rennell 's map the confluence of the Brahmaputra with 
the Ganges is completely absent because at tha t time this r iver 
used to fall into the Meghna independently as a separate channel. 
But in the map of the Survey of India of 1880, Just after a 
century, one can observe the confluence of the Ganges and the 
Branmaputra (Jamuna) to the north at Aricha. The catastrophic 
ear th-quake of 1830 caused this drast ic change in the course of the 
Branmaputra (Fergusson, 1863). 
In between 1880 and 1980 further changes have been 
recorded in the course of the Ganges in this upstream section 
(viz. Shibganj to Aricha) which is greater than the down stream 
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section (viz. Aricha to Chandpur) . During this period the river as 
a whole, has shifted southward. In 1979 ( '80j , as the Landsat 
imagery showes, on an average the Ganges has shifted about 5 km 
south of the course it occupied in 1880. However, at two places the 
reverse situation can be observed. Near Ratanbar i the Channel has 
shifted to about 8 km north of i t s former course during the l a s t 
TABLE 5.1 
Some Fluviomorphological Parameters of the River Ganges (Padma) 
Year Average Channel-Width No. of No. of Mid- No. of Sinuosity 
Point- Channel- bends Ratio 
bars ba r s Upstream Downstream 
1780 
1880 
1980 
8.04 
6.50 
5.17 
8.82 
7.98 
7.81 
8 
9 
5 
9 
16 
19 
12 
10 
9 
1.60 
1.41 
1.32 
Source : Rennell 's Map (1780), Survey of India (1880) and SPARRSO 
(Bangladesh, 1979). 
100 y e a r s . During that period, the maximum shift in the upstream 
of the Ganges under the present s tudy has occured near Charghat . 
Here the shift of the course was about 10 km. The minimum during 
the same centruy was about 1.5 km from its former course which 
took place near Rajshahi City. The width of this section of the 
Ganges has also been further reduced significantly in the current 
centruy ( i . e . 1880 to 1980) and many small and large channel ba r s 
(chars) have been formed. In 1980 there were 5 major point bars 
and 19 midchannel bars in the course of the Ganges under the 
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present s tudy. In the same yeeix the average width of the Ganges 
in the upstream par t of the section under the present study was 
reduced to 5.17 km from its 1880 - width of 5.5 km (Taile 5.1). 
Another s tr iking feature of the changes in the course of 
the Ganges in the las t century is the westward migration of the 
confluence of the Brahmaputra and the Ganges. In 1880, this 
confluence was located in the north of Aricha. Whereas, in 1979 
( '80) , according to the Landsat (SPARRSO)-Map, the same confluence 
was located a t 20 km west of i ts former position of 1880. Besides, 
the mouth of the Brahmaputra in the confluence point has also 
widened a t leas t fourtimes of i ts width during the last one hundred 
y e a r s . Enormous la te ra l erosion and migration of the bankline are 
responsible for these changes in the course and confluence of the 
Ganges in the las t century. 
The number of t r ibu ta r ies and dis t r ibutar ies of the main 
channel of the Ganges has also been reduced through centuries. 
This reduction in the number of d i s t r ibu ta r ies and t r ibutar ies in 
the upper section of the stem-stream along the northern extremity of 
the Ganges del ta is a normal and a typical feature of the mature 
s tage of the delta-cycle (Rob, 1989). 
(b) Aricha to Chandpur : It is observed in the maps of 
Rennell (1780) and the Survey of India (1880) tha : considerable 
changes in the lower course of the Ganges (Padma) have taken 
place during the 19th century. This change was mi::h pronounced 
in the downstream channl s tretching from Aricha to Chandpur 
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(Fig. 5 ,4) . Rennell 's map shows that during the : period the 
Ganges used to meet the Meghna near Mehendiganj, a place about 
60 km south-west of the present confluence at Chendpur. The 
change of the confluence of the two r ivers supports the idea that in 
the las t hundred years the Ganges has shifted to about 50 km east 
of i t s former postion compared to i t s present position at Chandpur. 
Here, the process of l a te ra l erosion along with an efficient process 
of s t ream-capturing have worked simultaneously in this eas ter ly 
migration of the Ganges main channel . Since 1780 to 1880, the 
Ganges has maintained almost the same course along a stretch from 
Aricha to Lauhajang. However, due to the merger of the 
Meghma-flow with the flow of the Ganges at Chandpur confluence 
and the resul tant enormous increase in the volume of discharge, the 
downstream width of the channel h a s expanded considerably. At 
places this change in width is about double and scnewhere even 
more than double the width of the channel of Rennell 's time. In 
this downstream section of the Ganges (Aricha to Chandpur) l i t t le 
change in the sinuosity can be observed among the t i r ee maps of 
1780, 1880 and 1979 ( '80) . Moreover, in this section, the channel 
maintained a ra ther s t ra ight course throughout t ie l a s t two 
centur ies . The Rennell-map shows the presence of a few sand -ba r s 
or chars in the course of the Ganges in the section under the 
present s tudy . The number of ba r s v/as 17 including both the 
pointbars (8) and Channel-bars (9) . On the othsr hand the 
subsequent two maps of 18S0 and 1980 exhibit the increasing number 
of sand-bars in the course of the Ganges ( i . e . , 25 and 24 major 
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bars reszsctively in the tv/o m a ^ ; ) . One can see in the Survey of 
I n d i a ' s - a p that near Bagharchar in the dov/nstream stretch of the 
Ganges considirable shift in the course of the r iver has taken place 
where the channel left its 1780 - course and flowed towards left and 
instead of formar southerly flov/-direction it continued to flov/ in a 
eas ter ly course to meet the Meghna near Chandpur. The Ganges of 
1880 also, according to the survey of I n d i a ' s map, had increasing 
nunber of spi l l -channels in comparison to i ts 1780's course along 
the downstream section of the channel . 
Thee significant change in the course of the main channel 
of the Ganges along the downstream stretch in between 1880 and 
1950 lies in the significant increase in the width of the channel 
throughout the length of the r iver from Aricha to Chandpur. For 
most of the course here the river has roughly maintained i t s limit 
of the left bankline which considerable erosion has taken place on 
the r ight bank and the channel-width has increased along the south 
or r ight bank side of the channel as per the Landsat map (1979) . 
Hcvrever, near at Lauhajang the r iver has shifted tov/ards a l i t t le 
north in the present century. 
From the foregoing discussion on the basis of the 
corpara t ive analys is of the three maps ( i . e . , 1780, 1880 and 1980) 
it is evident that the course of the main channel of the Ganges 
(Padma) along the boundary of i ts delta is highly unstable and 
flucuatinz in na ture . This capricious morphologic condition of the 
course o: the Ganges in the deltaic region is much conspicuous 
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along the downstream stretch of the r ive r . 
In the map of Rennell (1780) the direct distance of the 
entire section of the Ganges under the present study (Shibganj to 
Chandpur) was 275 km and the ac tual r iver-dis tance was 351 km. 
In the map of the next century (1880), i . e . , Survey of I n d i a ' s , the 
direct distance of the stretch of the channel v/as increaseed to 
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280 km and the actual distance, too, was lengthened to 375 km. 
In the map of the modem period, i . e . , Landsat-map of the SPARRSO 
(Bangladesh), the direct distance is recorded at 300 km while the 
ac tual distance is 340 km. These fluctuations in the distance of the 
main-channel of the Ganges along i ts delta indicate a gradual 
increase in the direct distance of the r iver during the las t two 
hundered y e a r s . But the actual distance was reduced in the las t 
century. The decrease in the sinuosity of the r iver is responsible 
for this reduction in the actual distance in the channel during the 
course of the las t hundered years . 
One of the major factors responsible for the reduction in 
the channel distance in the main channel of the Ganges is the 
reduction in the meander-lengths of the channel in the recent 
decades. Moreover, the ra te of s i l tat ion in the channel bed has 
been accelerated significantly in the Ganges for the las t few 
decades. It is observed that the process of sedimentation in the 
Ganges gains mor.entum in the lean-season (October to May) . The 
^ Direct distance of a channel is the length cf a s t ra ight line 
connecting the two farthest points of the stretch of the channel 
under s tudy. 
Actual distance of a channel is the length of the stretch of the 
channel under study along i ts ent ire course of flow. 
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commissioning of the Farakka Barrage (1975) near the apex of the 
delta is also affecting the smoth flov/ of the Ganges v/ater favouring 
the increasing si l tat ion in the channel (Abbas, 1985). Besides, the 
flood-v/aters from the upstream areas carry an enormous quantity of 
sediments to the delta r ivers and pa r t of these sediments is 
normally accumulated either in the bottom of the channel or on i t s 
banks (Rob, 1990). The continuous process of si l tat ion in the 
channel has acted positively in the reduction of the actual distance 
of the channel of the Ganges. The fluctuations in the total 
discharge and the var ia t ion in the ra te of sedimentation in the 
main channel are responsible for the changes in the course of the 
Ganges along with the transformation of the number, position, size 
and shape of the channel-bars or chars and the distr ibutaries of 
the r iver . 
5.3.1.2 Changes in the Bankline : Recent Period 
Along with the changes in the course, the Ganges 
(Padma) has been continuously changing i ts bankl ine. Lateral 
erosion is mainly responsible for changes in the bankline. In the 
present s tudy analysis of the migration of bankl ines of the Ganges 
main-channel, from Shibganj (Rajshahi d is t r ic t ) to Chancpur has 
been made for a period of 12 year from 1973 to 1984. All the maps 
of the section of the r iver under the present study have been 
prepared from the satel l i te imageries of Landsat collected frcm the 
SPARRSO (Bangladesh) . The maps were brought under the same 
scale, i . e . , 1 cm to 8 km and studies were made along r.ore than 
189 
a dozen of crass-sectional s tat ions located nearly 5.0 to 6.5 km 
apar t from each other (Fig. 5 .5) . Besides, for the convenience of 
the present study, Survey records ( i . e . , hydrcgraphic char ts and 
flood-reports) prepared by the var ious inst i tutes and organizations 
ILke the Bangladesh Water Development Board (BWDB), Bangladesh 
Inland V/ater Transportation Authority (BI'<VTA), Bangladesh Rivers 
Research Ins t i tu te have also been consulted. 
In the process of findingout the bankline migration 
attempts have been made to record the extent of l a te ra l erosion 
and deposition along the banks of the Ganges in the stretch under 
the present study (Table 5 .2) . For this purpose the twelve year 
period from 1973 to 1984 has been divided . intol three convenient 
time-span : 
a) 1973 to 1978 (Table 5 .2-a) , 
b) 1978 to 1981 (Table 5.2-b) , 
c) 1981 to 1984 (Table 5 .2-c) . 
(a) Bankline Migration in the Ganqess : 1973 to 1978 
Considerable changes in the course as well a s in the 
bankline of the Ganges under the present study occurred during 
the period ranging from 1973 to 1978. In 1978, width of the 
channel became nerrower than that of its 1973 posit ion. In 1973, 
the average width of the channel was 5.6 km in the upstream and 
6.8 km in the downstream. Whereas in 1978, the average width of 
the channel was 3.7 km in the upstream section and 6.0 km in the 
downstream. Significant migration, of the bankline in the channel 
The avai labi l i ty of sui table satel l i te imageries has compelled 
the author to select these un-equal periods fcr this comparative 
- f , , ^ i 
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can be observed along the BWDB-stations G.17 and G. 18 during 
this period (Table 5 .2 -a ) . Along these two sites an average 
l a te ra l distance of about 2560 m was involved in the shifting of 
the banks of the channel . The river migrated tov/ards i ts r ight 
bank. Severe l a te ra l erosion occured along the bank near 
Modhugari and Phi l ipnagar vi l lages in Kustia distr ict ( i . e . , 
vi l lage No. 57/58; Fig . 5.5) where the channel abandoned i ts 
former course completely and flowed through a new course in 1978. 
Along the BV/DB-station G. 1 about 3862 m land was 
eroded la te ra l ly on the r ight bank of the channel while on the left 
bank 5150 m of new land emerged as a resul t of deposition during 
this period (Table 5 .2 -a ) . 
Along the station G. 10, about 900 m land has been 
eroded on the left bank and 1416 m land has been accreted on the 
r ight bank of the Ganges. Along the station G. 14, 772 m of the 
r ight bank has been eroded while no deposition is recorded on the 
left bank . Along the downstream section of the channel under 
s tudy, 275 m land has been eroded on the left bank at the station 
P. 7 and 5664 m land has been extended at the same station during 
the period from 1973 to 1978 (Table 5 .2 -a ) . 
Along the vi l lages Char Raghunathpur (G. 1.1) and 
Malphia (G.4) in the upper course of the Ganges under the present 
study the bankline migration recorded during 1973-'78 period was 
very slow. Along the downstream flow of the Ganges at Lalpur 
(P.6) , Daha (P.7) , Muzaffarabad (P.5) Char Bilaspur (? .4) and 
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Daulatdia Ghat (vi l l . 07) the ra te of bankline migration was also 
considerably lovr. Besides, at Paksy (vi l l . 32) end station 
Salbaria (G.5) the channel maintained an almost stable position 
dur ing the sane period. Along these places the bankline 
migration in the Ganges show a l i t t le change during the period 
1973-'78. Along these stat ions or vi l lages erosion or deposition 
gained predominance on one bank while the other remained almost 
s table during the period. During this period the position of the 
confluence of the Ganges and the Brahmaputra was also fairly 
s t ab l e . At Daulatdia Ghat, about 1200 m land was eroded la te ra l ly 
during this period. The confluence of the Ganges and Meghna 
near Chandpur during the same period, widened significantly and 
the confluence shifted northward from i t s 1973 position for a 
distance of about 2400 m in 1978. Thus during the period 1973 to 
1978, the channel of the Ganges has shifted s l ight ly southward in 
the upper-reach while in the downsteram it has migrated northward 
considerably. 
(b) Bankline Migration in the Ganges : 1978 to 1981 
Noticeaole change in the Ganges-bankline has occurred 
during this short period of about four y e a r s . The width of the 
channel has decreased considerably in several places along the 
course of the r iver . In 1981 the average width of the Ganges in 
the section under study was 1830 m to 4570 m and 4880 m to 10,570 m. 
in the upstrear. and downstream (from the confluence of the 
The l is t of the vi l lages has been incorporated in the 
appendix - V. . 
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Brahmaputra) in the channel respect ively, whereas in 1978, the 
average vifidth of the channel in the upstream and dovmstream v/as 
2285 m to 4570 m and 4570 to 1220 m respect ively. During this 
period, in some places the river has changed i ts course s l ight ly . 
This shifts in the course is pronounced in the south of Madanpur 
(vi l l . 54), north-west of Modhugari (v i l l . 57), north of Pirpur 
(v i l l . 34). At the sites where the erosion is most severe, the 
average bankline migration is found nearly 2740 m. These sites 
are on the left bank of G.16 (v i l l . Udpur), left bank of G.17 
(Chak Narayanpur) , lift bank of G.1.1 (v i l l . Khali lpur) , left bank 
of P.1.1 (v i l l . Bhojgaon), r igh t bank of P.2 (vi l l . 
Raghunathbeparir Kandi), r ight bank of P.3 (v i l l . Munshir Cher) , 
r ight bank of P.4 (vi l l . Char Bilaspur) and the right bank of P.5 
(vi l l . Char Bhadrason) . Meagre bankl ine migration has occurred 
along the vi l lages Diar Sankarpur (No.61), Lalpur (No.23), 
Bheramara, Habaspur (No.38), Char Raghunatpur (No.05) and 
Daulatdia Ghat (No.47). During this perid (1978-'81) a huge point 
bar formed near Paksey (No.30) while pronounced erosion removed 
more than 500 m of land mass at Bheramara -^ only less than one 
kilometer away from Paksey in the Ganges (Fig. 5.5 and 
Table 5 .2 -b) . Along the vil lage Ta lbar ia (No.55), the channel has 
shifted to about 2435 m east of i t s former position. Besides in 
1931, the confluence of the r iver with the Brahmaputra (Jamuna) 
also migrated about 120 m away from its former postion in the 
ncrth-west direction and i ts confluence with the Merhna migrated 
about 2440 m distance towards south-west from its 1978 position. 
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TABLE 5 . 2 - a 
E x t e n t of E r o s i o n a n d D e p o s i t i o n i n t h e G a n g e s D u r i n g 1973-1978 
( i n m e t e r s ) 
R i v e r S t a t i o n E r o s i o n B a n k D e p o s i t i o n Bank 
# G . 0 . 1 
G . 1 . 1 
G.2 
G.3 
G.4 
G.5 
G.5 
G.7 
G.8 
G.9 
G.IO 
G . l l 
G.12 
G.13 
G.14 
G.15 
G.16 
G.17 
G.18 
rr P.O 
P . O . I 
p . 1 . 1 
p . 2 
P . 3 
P . 4 
P . 5 
P . 5 
P . 7 
S o u r c e : BV.'DB/RRI, D h a k a 
3862 
1029 
3574 
1544 
0 
0 
1545 
2574 
0 
900 
-
386 
515 
772 
772 
2574 
5664 
5793 
-
4377 
1287 
772 
772 
772 
772 
386 
257 
RB 
RB 
RB 
LB 
LB 
LB 
LB 
LB 
LB 
LB 
-
LB 
RB 
RB 
LB 
RB 
RB 
RB 
-
LB 
LB 
LB 
LB 
LB 
LB 
LB 
LB 
a . RB = Right 
5150 
1287 
0 
385 
514 
386 
1287 
1287 
1287 
1415 
2574 
"386 
385 
514 
0 
0 
3862 
5149 
2059 
2574 
1544 
7725 
-
900 
772 
385 
453 
5654 
Bank . LB •-
LB 
LB 
LB 
LB 
RB 
RB 
RB 
RB 
RB 
RB 
LB 
RB 
RB 
LB 
LB 
LB 
LB 
LB 
LB 
RB 
RB 
RB 
-
RB 
RB 
RB 
RB 
RB 
= Left Bank. 
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TABLE 5.2-b 
Extent of Erosion and Deposition in the Ganges During 1978-1981 
( in meters ) 
River S ta t ion Erosion Bank Deposi t ion Bank 
# G.0.1 
G.1.1 
G.2 
G.3 
G.4 
G.5 
G.5 
G.7 
G.8 
G.9 
G.IO 
G.ll 
G.12 
G.13 
G.14 
G.15 
G.16 
G.17 
G.18 
# P.0.0 
P.0.1 
P.1.1 
P.2 
P.3 
P.4 
P.5 
P.5 
P.7 
5654 
1287 
2574 
2574 
0 
1029 
0 
-
514 
385 
0 
0 
257 
0 
385 
257 
1158 
3089 
3473 
' 
1029 
4892 
2574 
3347 
3852 
2574 
2574 
1S02 
257 
-
LB 
RB 
RB 
RB 
RB 
RB 
RB 
-
RB 
RB 
RB 
LB 
LB 
RB 
RB 
LB 
LB 
LB 
LB 
~ 
LB 
RB 
RB 
RB 
RB 
RB 
RB 
RB 
RB 
-
-
5470 
3347 
1287 
1544 
1287 
-
1802 
257 
1287 
257 
514 
1257 
2574 
1802 
5149 
2574 
1544 
2574 
1287 
-
3089 
3347 
4634 
1802 
6179 
3347 
514 
514 
514 
LB 
LB 
LB 
LB 
LB 
LB 
L3 
LB 
RB 
R3 
LB 
LB 
RB 
RB 
RB 
RB 
LB 
RB 
LB 
LB 
LB 
LB 
LB 
LB 
LB 
LB 
RB 
;oi,T-,-o • m-.inn/DPT nH^L-a on - D-;--*- n^ ni,- TR = 1 nfi- RanV 
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TABLE 5 .2 -c 
Exten t of Erosion a n d Deposit ion i n the Ganges Dur ing 1981-1984 
( in meters ) 
River S ta t ion 
# G.0 .1 
G.1.1 
G.2 
G.3 
G.4 
G.5 
G.5 
G.7 
G.8 
G.9 
G.IO 
G . l l 
G.12 
G.13 
G.14 
G.15 
G.15 
G.17 
G.18 
-# P . 0 . 0 
P . 0 . 1 
P . 1 . 1 
P .2 
P . 3 
P .4 
P . 5 
P.6 
P.7 
Source : B W D B / R R I , 
Erosion 
1287 
1158 
0 
257 
; 514 
257 
180 
-
1287 
128 
0 
514 
1030 
2059 
2059 
515 
4377 
385 
514 
2317 
0 
1030 
38 
0 
0 
1287 
0 
514 
514 
Dhaka. 
Bank 
RE 
LB 
LB 
RB 
LB 
LB 
LB 
-
LB 
RB 
RB 
RB 
RB 
RB 
RB 
RB 
RB 
RB 
RB 
RB 
LB 
LB 
RB 
LB 
RB 
RB 
RB 
LB 
LB 
RB = Right 
Deposit ion 
-
514 
0 
257 
— 
1030 
-
-
0 
134 
0 
385 
2188 
2317 
514 
772 
643 
1544 
2574 
257 
0 
514 
368 
257 
0 
0 
3S5 
0 
Bank LB = 
Bank 
-
RB 
RB 
LB 
• " 
RB 
-
-
LB 
LB 
LB 
LB 
LB 
LB 
LB 
LB 
LB 
LB 
LB 
RB 
RB 
LB 
RB 
LB 
LB 
LB 
RB 
RB 
Left Bank 
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Along the Ganges banks at the stat ions G.8 (Ghoshipur) 
and G.9 (Kasba), no Change has occurred during this period on the 
left and r ight bank respectively. 
During this period (1978-'81) the channel of the Ganges 
under study has experienced sl ight bankline migration. The trend 
in the shifting of the course during this period has been tov/ards 
the south and the channel as a whole has become sl ightly 
nerrower. During this period the quantum of sedimentation was 
appreciable in this section of the Ganges. 
(c) Bankline Migration in the Ganges : 1981 to 1984 
Little change has occurred in the course as well as in 
the banklines of the r iver under the study during the period 1981 
to 1984 (Fig. 5 .7-a) . However, in certain p laces , considerable 
migration of the banl^lines has been marked in the channel during 
this period. A comparative study of the maps of 1981 and 1934 
shows that during this period a slight increase in the average 
width of the Ganges has taken p lace in th is period. Most of 
the length of the channel has maintained almost a s tat ic position. 
In 1984, the average width of the channel in the upstream of the 
section under study was 2440 m to 6100 m and in the downstream it 
was 4570 m to 10,590 m. At the station G.17, the width of the 
Ganges was 4380 m but in 1984 it was reduced to 2575 m. At the 
station G.18, however, a station reading of 2575 m was recorded 
for both the years . At the s tat ions G.IO, G.12, P.0.0 and P.0.1 
small var ia t ion in the width of the channel between 1931 and 1984 
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has been observed (Table 5 .3) . 
About half a kilometre upstream at Godagari (near v i l l . 
No.54), a northv/ard bank migration of nearly 120m occurred along 
the left bank of the Ganges. Near Chak Narayanpur the channel 
has shifted further eas t . During th i s period the trend of erosion 
was pronounced along the r ight bank on the upstream fron the 
Ganges-Jamuna confluence and along left bank on the downstream 
of the said confluence in the r iver under s tudy. This trend of 
the bankline migration, indicates a southward shift of the channel 
in the upstream and a northweard shift in the downstream during 
the period 1981-'84. The places where bankline migration 
(although of lower magnitudes) has occurred during this period 
are Rajshahi ci ty, Udpur, Diar Sankarpur , Lalpur, Satbar ia , Char 
Bhadrason, Rehani Rahamnagar, Dakshin Medinimandal, Bhojgaon 
and Silparan (Appendix - V )• Along the stat ions G.8 and G.9 a 
stable si tuation in the banklines has been found during this 
t i ne - span . During this period an enormous point bar has developed 
along the left bank of the Ganges at i ts confluence with the 
Brahmaputra (Jamuna) and as a resul t the confluence has migrated 
tov/ards south-east from its former posit ion. However, it has been 
observed that during the period 1981-'84 the Ganges has changed 
its course and banklines very l i t t l e . In some places, the wicih of 
the channel has increased due to the formation of some 
mid-channel i s l ands . Besides, during this period a meagre no r th -
ward shift of the course of the channel has been recorded for most 
of the stretch of the channel under the present s tudy. 
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TABLE 5.3 
Channe l Width of the Ganges from R a j s h a h i to Chandpur 
1973, 1978, 1981 a n d 1984 
( i n metres ) 
River Sta t ion 1973 1978 1981 1984 
# G.0 .1 
G.1 .1 
G.2 
G.3 
G.4 
G.5 
G.7 
G.B 
G.9 
G.IO 
G . l l 
G.12 
G.13 
G.14 
G.15 
G.16 
G.17 
G.18 
# P . 0 . 0 
P .O. I 
P . 1 . 1 
P . 2 
P . 3 
P .4 
P . 5 
P . 5 
P.7 
Source : BWDB/RRI, Dhaka . 
30,899 
7,465 
5,149 
13,389 
4,376 
8,534 
3,089 
3,862 
3,862 
4,635 
4,377 
7,725 
3,852 
5,149 
5,149 
11,072 
11,330 
5,149 
4,184 
4,249 
5,922 
3,218 
1,222 
4,828 
2,253 
4,119 
5,793 
7,724 
2,574 
4,377 
1,802 
2,574 
3,862 
1,550 
2,574 
2,574 
2,574 
3,604 
3,862 
3,862 
3,347 
2,574 
3,862 
2,574 
5,149 
6,437 
11,587 
5,149 
6,437 
3,862 
5,179 
5,149 
5,437 
9,012 
12,874 
2,317 
1,287 
772 
1,287 
.1,802 
1,802 
2,188 
1,544 
2,574 
3,347 
1,544 
1,287 
2,317 
3,852 
4,119 
4,377 
2,574 
11,844 
11,329 
5,149 
5,149 
4,377 
2,574 
3,862 
11,587 
10,814 
7,724 
1,544 
2,574 
1,802 
1,802 
772 
5,149 
5,535 
1,802 
2,317 
5,149 
1,416 
1,574 
1,544 
5,149 
5,149 
2,574 
2,574 
12,874 
12,102 
3,347 
4,377 
3,852 
3,347 
3,347 
8,239 
9,012 
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TABLE 5.4 
Average Rate of Bank l ine Migra t ion i n the Ganges 
1973 to 1984 
( in metres ) 
Rivers Sta t ion Erosion Bank Deposit ion Bank 
# G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G, 
G. 
G. 
G. 
G. 
# P . 
P . 
P . 
P . 
P . 
P . 
P . 
P . 
. 0 .1 
. 1 . 1 
.2 
.3 
.4 
.5 
.7 
.8 
.9 
.10 
.11 
.12 
.13 
.14 
.15 
.16 
,17 
18 
0.1 
1.1 
2 
3 
4 
5 
6 
7 
3347 
3318 
4119 
0 
2188 
3476 
1030 
772 
2832 
1931 
772 
3218 
1931 
2575 
0 
1545 
1287 
2060 
5150 
4764 
-
5150 
3852 
7596 
4248 
257 
1287 
RB 
RB 
RB 
RB 
RB 
RB 
LB 
LB 
RB 
RB 
LB 
RB 
RB 
RB 
RB 
RB 
RB 
RB 
RB 
RB 
-
RB 
RB 
LB 
RB 
RB 
RB 
3605 
901 
1545 
643 
2189 
2317 
2189 
3347 
643 
901 
-
1931 
3218 
257 
386 
2189 
2189 
901 
2446 
3605 
3218 
2218 
2575 
2575 
3852 
643 
1931 
LB 
LB 
LB 
LB 
LB 
LB 
RB 
RB 
LB 
LB 
-
LB 
LB 
LB 
LB 
LB 
LB 
LB 
LB 
LB 
RB 
LB 
LB 
RB 
LB 
LB 
LB 
Source : BWDB/RRI, Dhaka . RB = Right Bank . LB = Left Bank 
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Figure 5.8 and Table 5.4 show the annual rate of 
bankline migration along the course of the Ganges at different 
s tat ions of the BWDB (Bangladesh Water Development Board) during 
the period 1973-1984. The figure indicates that during this period 
the process of s i l tat ion has dominated the left bank of the 
channel under study while the r ight bank has been predominantly-
eroded in the same period. Out of a total of 26 stat ions only at 4 
stat ions left bank erosion has been observed during the period and 
the same number of stat ions on the r ight bank experienced 
deposition. During this period the maximum erosion on the left 
bank of the Ganges was recorded at the s ta t ion P.4 ( i . e . , 
+ 690.5 M per year) and the minimum erosion on the same side at 
the station G.8 and G.l l ( i . e . , 70m per year at both the s ta t ions) . 
The maximum ra te of deposition was recorded on the left bank of 
the channel at the station P.5 ( i . e . , 350 m per year." while the 
minimum erosion was recorded at the station P.6 at the r ight bank 
where the ra te was only 23 m per year . Besides, at the s tauon 
G.3 along the r ight bank a s ta t ic si tuation can t e obser'/ed 
during this period with a recorded of zero each y e a r . This trend 
of erosion along the left bank and deposition along the r ight bank 
of the Ganges reveals a ra ther southward migration of the stretch 
of the channel under the present study which delimits the northern 
and north-estern boundary of the de l ta . 
From the foregoing analys is it is evident that the r.ain 
channel of the Ganges has been changing i ts course and its 
banklines ceaselessly. In the recent years , on an average it has 
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shifted considerably t c r a rd s the south from i ts former northerly 
courses. Besides, in the recent period of about one decade (1973 
to 1984) the channel has become comparatively narrower due to 
heavy si l tat ion in the channel . Along the course of the river 
numerous point-bars and mid-channel b ra ids (chars) have been 
formed. The marked southerly erosion on the r ight bank of the 
Ganges along with the downward ( i . e . , south) pressure of the 
combined flood waters of the Brahmaputra, Meghna and the North-
Bengal r ivers have be=n aiding this southerly migraticn of the 
course of the channel . These hydrological s i tuat ions alongwith 
other existing physico-geological conditions of the Ganges and i ts 
dal ta clearly indicate a probable southward future shift of the 
course of the Ganges. However an un-predicted and sudden 
tectonic movement in the deltajx region can abrupt ly change the 
complete scenario of the hydrological set t ings or the futiure trends 
of the region to a great extent . 
5.3.1.3 Changes in the Thalweg of the Ganges : 
The thalweg cf a stream is the deepest line through 
which the main flow of £ channel passes during low stage of flow. 
Morisawa (1958) has at t r ibuted the thalweg as "the deepest line of 
a stream channel" . Wolman, Leopold and Miller (19£4) have 
defined it as , "the line of maximum depth of a channel". Thus, 
thalweg is the actual flow-line of a channel and it - i r r a t e s or 
changes i ts position alcr.g with the various hydrological changes 
in the whole channel of the r iver . The shifting of a tr.alweg is 
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directly related to the bankline migration of a stream. The 
pat terns of the channel, character is t ics of the bed materials , the 
velocity and discharge of the channel, quanti ty of the sediment-
load are the factors which influence the migration or the movement 
of the thalweg of a r iver . Thus, erosion and deposition, the tv/o 
pr incipal floviomorphological processes are direct resu l tan ts of the 
movement of the thalweg. 
The Ganges is a meandering r iver and i t s thalweg has 
been shifting its position gradual ly with the shifting of the course 
of the channel . The migration of the thalv/eg of the Ganges has 
led to the continuous erosion on the concave bank and deposition 
on the convex bank of the r ive r . 
In the present study invest igat ion has been made on the 
migration of the thalweg of the Ganges main channel stretching 
from Rajshahi to Chandpur in Bangladesh and the comparison has 
been made between the positions of the thalv/eg in 1968 and 1984. 
Data for the present study have been collected from the BWDB (RRI) 
For a study of the cross-sections of the Ganges 27 stations have 
been s tudied. These cross-sections were prepared by the BWD3 
from the hydrographic charts collected by the BIWTA through 
different seasons by sounding techniques. On the basis of these 
cross-sections comparative maps (Fig. 5.9) of the thalweg-
migration in the Ganges have been prepared and analysed to 
understand the magnitude and nature of the migration of the 
thal\;eg of the Ganges in recent years (1958 to 1984) . 
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Figure 5.9 indicates that during the period 1958 to 19fc-,, 
the Ganges thalweg has migrated significantly in the channel 
under s tudy . In several s i tes , the thalweg has completely 
abandoned i ts fromer position. The maximum distance of the shift 
in the thalweg during this period was recorded at the station G.3 
where it migrated to a distance of 615 m and the minimum was 
recorded at the stat ions G.4, G.IO and G.13, where the migration 
of the thalweg was less than 15 m. During the period from 1968 to 
1984, on an average , nearly 340 rr. shift in the thalweg occurred in 
the Ganges channel along the s tat ions P.6 , P .7 , G.7, G . l l . 
Besides, along the stations G.4, G.12 and G.15 meagre ( i . e . , less 
than 50 m) thalweg migration occurred during this period. Along 
the whole length of the channel under the present study, 
stretching from Rajshahi to Chandpur, about an average of 250 m 
migration of the Ganges-thalweg has been recorded. In the upper 
reach of the channel (from Godagari to Goalundo) considerable 
la te ra l erosion has occurred. This l a t e ra l erosion is evidently the 
outcome of the meandering shape of the channel in the upper 
reaches . 
From Aricha tc Rajshahi, the thalweg of the Ganges 
eroded mostly i ts left bank while in the downstream, from Goalundo 
to Chanpur, it moved mostly towards the r ight bank by la tera l 
erosion during the per icd. However, in some places a l i t t le 
reverse situation can be observed. Apart from meandering, the 
character is t ics of i t s bed-materials are also responsible for this 
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considerable th-dlv/eg migration in the Ganges. It has been fcund 
tha t , the bed-materials of the Ganges are mainly composed of fine 
sand and si l t which is non-cohesive in charac te r . During the 
peak monsoon stage the velocity of water in the channel tends to 
increase with the on-rush of the flood water through the Ganges. 
This increasing velocity along with a tremendous hydraul ic 
pressure , of the huge volume of the flood water promotes the 
migration of the thalweg by eroding the channel-bed along the 
cut-banks ( i . e . , concave-bends) of the Ganges. In the lean-s tage 
of the channel when the flow simply decreases p a r t s of the bank 
which had experienced undercutting during the flood s:age of the 
channel, begin to slump-down. In this way, the process of the 
bankline migration continues in the Ganges along with shifting in 
the thalweg of the channel . 
The thalweg in the Ganges mostly runs through the 
concave side or the cut-bank of the channel while in the 
comparatively s t ra ight reach it passes through the mid-line of the 
channel . In the lower portion of the Ganges, from Goalundo to 
Mawa, the thalweg of the r iver (1984) has a r a the r winding course 
(Fig. 5.9). However, in the further downstream it follows a 
comparatively s t ra ight and southerly course. In 1968, in the sa—a 
dov/nstream section of the r iver , the thalweg had followed a 
considerably s t ra ight course. It appears that the changing flccd 
situations in the year 1958 and 1934 have caused this var iat ion in 
the flow of the thalweg in this section of the channel during these 
yea r s . 
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It will thus be seen that the thalweg of the Ganges has 
migrated considerably during the recent years and to some extent 
this migratory nature of the thalweg has influenced significantly 
the bankline migration of the Ganges in i ts de l ta . 
5.3.2 Changes in other Major Rivers and Morphological Features 
. of the -Ganges Delta : 
Since 1780 (Rennell 's Survey of the Ganges del ta a rea) 
to t i l l to-date many significant changes have taken place in the 
major streams, es tuar ies , marshes and b i l s and flood p la ins of the 
Ganges de l ta . The process of these changes alcng with the 
shifting cf the courses of the delta r ivers are s t i l l taking p lace . 
Most of the r ivers of the moribund (north-western) and the mature 
par t s of the delta are getting choked up and decaying gradua l ly 
while some of the major streams of the lower del ta in the young 
(active) or in the t idal pa r t s are changing their ccurse r ap id ly . 
In the lower or coastal par t of the delta the process of channel 
spl i t t ing is gcing on due to the accretion and progression of the 
new lands at the mouths of the deltaic r i v e r s . The delta abounds 
in channel b a r s , ox-bow lakes , channel sca r s , mud-flats and other 
depositi-Onal features in the recent y e a r s . The total area of bi ls 
or marshes in being reduced day by day . The v/ic:h, flew and 
overal l appearance of the r ivers of the delta are declining or 
changing gradua l ly . All these changes are visible when the maps 
of different centuries are compared. 
In the Renneli-map of 1750, the Padma is the main 
channel of the Ganges which flows independently t : the 3ay of 
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Bengal uniting with neither the Brahmaputra ncr the J.'.eghna. The 
meanders of the Ganges between Rajshahi and Goalund: are more 
pronounced in this map than they are in the n a p s of the Survey 
of India (1880) and the 5PARRS0 (1979) . The average width of the 
main channel (Padma) of the Ganges obtains i t s maximu- dimension 
in the Rennell-map while the subsequent two - a p s record 
comparatively smaller width. However, together with the combined 
water of the Brahmaputra and the Meghna, the recent naps shov/ a 
much wider lower reach and the estuarine mcuth of rhe Ganges 
below Chandpur. 
In Rennell 's map (1780), the Bhagirarhi has t een shown 
as a decaying distr ibutary of the Ganges. Figure 5.10 shows the 
Chandra, Ja langi , Comer, Boirub, Issamot ( Ic thamat i ) , Nowgonga 
as active d is t r ibutar ies . Among these active dis t r ibutar ies the 
Chundra, Harganga of the north-eastern delta and the JaJuna and 
Ballisor of the southern dal ta were shown as mighty navigable 
r i ve r s . Moreover, Rennsll recorded the existence of sone important 
channels connecting the Hoogly r iver ( i . e . , Chingri Canal, e tc . ) 
with the other dis t r ibutar ies of the Ganges. In the subsequent 
maps of the next centuries (1880 and 1979) these streams have 
almost disappeared from the del ta-face. 
In the map of Rennell (1760), the land surface of the 
Ganges delta is shwon almost the same as it is t t d a y . The 
dimension of the swamps and marshes of the central delta i s , 
however, reduced to a great extent . In Rennell 's tirr.e the jheels 
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(shallo\7 lakes) and marshes of the delta were extended from tha 
east of the Jubuna (Jamuna) r iver in the district of Khulna to 
east of the greater Faridpur dis tr ict of Bangladesh. This l ine of 
extensive jheels extended from the north-eastern part of the del ta 
(from the farmer state of Bhoosnah) of south of the distr ict of 
Far idpur and v/est of Barisal to a south-westerly direction upto 
the sa l t - l akes and jheels of V/est Bengal (India) near Calcutta city 
(Fig. 5.10). These low-laying depressions of the Ganges del ta 
covered a vast area in the central par t of the delta during the 
late eighteenth century ( i . e . , Rennell ' s map) and gained maximum 
extent in the mid-eastern portion of the de l ta . In the map of the 
Survey of India of 1880 (Fig. 5.11),these jheels and marshes are 
reduced in size and are seen in the north-eastern part of Khulna 
town, along the course of the Madhumati r iver , south of the 
dis tr ict of Far idpur and in some other places in Barisal and 
Noakhali d is t r ic ts of Bangladesh (former greater distr icts) . But, 
in the recent map of the SPARRSO (1979) the swamps are faintly 
localized near the confluence of the r ivers Madhumati and Chitra 
in the dis t r ic t of Far idpur . Thus a comparative study of the 
maps of the las t two centuries indicates a shrinking position of 
the lakes and swamps in the Ganges de l ta . in the recent maps, 
the marshy areas and jheels do not exist around the city of 
Calcut ta . 
The main cause of the decay of marshes of the delta is 
that in the recent years these swamps have been filled up by 
r iver ine and t idal sediments. At Rennell 's time the Churni, a 
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spl i t -channel of the Ichhamati, used to meet the Bhegirathi as a 
tr ibutary. , But in the SPARRSO map of 1979 (Fig. 5.12) there are 
only some abandoned channel-scars along the former course of the 
Churni . This stream of the Rennell 's time has completely dried up 
in the l a s t century. Beside the na tu ra l processes of this 
hydrological decay human interference ( i . e . encroachment in the 
swamps or lakes for agr icul tural purposes) is also responsible for 
the disappearance of water bodies and low laying areas in the 
de l ta . 
At the tinie of Rennell the Arial Khan - Tent-jlia was the 
main outlet of the Ganges water to the sea . In 1880 (Fig. 5.11), 
after a century, the Ganges (Padma) shifted further eastward to 
capture the Meghna course. While in the recent nap of the 
SPARRSO (1979) the course of the Ganges (Padma) is sti l l along the 
Meghna as a single channel taken the name of the Meghna to the 
Bay of Bengal. Hovrever, in the estuarine mouth, it has changed 
the course through the various spl i t channels in the last decades 
( i . e . Tentulia, Rabanabad and Ha t i a ) . The choking up of the 
nouths with increasing number of sand-bars and is lands in the 
las t century and the earl ier decades of the current century 
contributed to the shifting of the Ganges-Meghna estuary and the 
other channels of the Ganges mouth. 
During the last two centuries a l l the major and minor 
r ivers of the delta have un:;ergone significant chanres . Among 
the major r ivers of the delts, the Bhairab, Ja l langi , Mathabhanga 
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Madhumatj^, Kabadak, Ichhamati and the Arialkhan have shifted 
their courses noticeably in the l a s t two centuries (Figures 5.10, 
5.11 and 5.12). The Bhagirathi , westernmost d is t r ibutary of the 
Ganges, has also been changing i t s course. Noteworthy changes 
can be seen at the off-take point of this r iver in the las t 
century. At the time of Rennell 's survey (1780) the off-take of 
the Bhagirathi was at Sooty (Fig. 5.1) in the north of 
Murshidabad distr ict ( I nd i a ) . But in the recent maps (Fig. 5.12), 
this off-take has migrated to about 35 km horizontally and 15 km 
t ransverse ly . This shifting of the off-take of the Bhagirathi is 
due to the meandering nature of the Channel. To-day (1979) the 
Bhagirathi is connected with the Ganges through one or more 
channels on the r ight bank of the Ganges. The feeder canal below 
the Farakka works as the pr incipal spil l for the stream since the 
commissioning of the Farakka Barrage in 1975. In all the three 
maps ( i . e . , 1780, 1880 and 1979), the off-takes of the Bhagirathi 
are in three different locations. The history of this off-take has 
been one of the frequent change on account of i t s being situated 
on the shelving side of the curved flovf of the parent r iver ( i . e . , 
the Ganges). In 1880 this off-take was s i tuated at Kaliganj while 
a t present (1979) it is at Eiswanathpur in the district of 
Murshidabad in West Bengal ( I nd i a ) . 
The confluences of the major t r ibutar ies (viz. the 
Brahmaputra and Meghna) to the Ganges main channel have also 
changed their locations considerably during the last centuries. 
Even in the recent decades these confluences have been migrating 
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from one si te to another ceaselessly (Fig. 5.13). In 1730, the 
confluenue between the Meghna and the Padma was nc: so active. 
There were few connections between the tvjo channels . Of these 
connecti.ons one was at aoout 25 km south-east of Narayanganj tov/n 
and another near Chandpur town. However, through almost the 
complete courses of both the rivers they maintained separate flow 
and finally the Ganges used to flow through the Tentulia channel 
to the sea . In 1880 ( i . e . . Rev. Survey Map) there is a clear 
confluence of the Padma and Meghna at west of Chandpur to\in 
at the 90° 30' E longitude. In the map of 1940 ( i . e . . Survey of 
India) this confluence became much prominent and crmmenced at 
the north-west of Chandpur town. In 1952, the Padma used to 
meet the Meghna at just west of Chandpur town while in 1963 the 
Padma had bifurcated into two at the confluence, one channel met 
the Meghna about 12 km north-west of Chandpur while rhe other at 
just below the town. The Landsat (MSS) map of 1973 shows that , 
during that period, the Padma would join the Meghna near the 
north-v/est of Chandpur twon while the 1980 map prepared from the 
Landsat (MSS) data indicates that the confluence has moved to 
about 15 km north of i ts former (1973) posit ion. In 1555, we see 
that the confluence has moved a few kilometres downward and in 
19S8 (Landsat, TM data) the Padma opens a number of spill 
channels to join the Meghna above Chandpur tovm (on the right 
bank in al l the cases) . 
In the Rennell-map (178), the Jamuna (Jurunah) is 
depicted as an important channel. This stream formed cne of the 
2Vt 
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Fig . 5.13: Changes in the Confluence of the Ganges and Meghna: 
1780 to 1988 
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three mouths of the Bhagirathi at that time. But, in the recent 
years it is high and dry at i t s off-take near Tribeni (V/est Bengal) 
Figure 5.14 shows the evolution and changes in the 
major r ivers of the Central Delta Basin of the Ganges. In these 
maps the course of the Madhumati, Atharbanki, Atai-Nabaqanra, 
Chitra and Katakhali r ivers have been shown. These maps 
indicate that the r ivers of the Central Delta Basin have 
significantly changed their courses during the las t tvro cen tu r ies . . 
Most of the r ivers of to-day, however, maintain almost the same 
course since the beginning of the present century ( i . e . , 1905-map). 
Am.ong these maps of different centuries and decades, the most 
marked change can be found between the maps of 1780 (Rennell 's) 
and 1850 (Rev. Survey of I n d i a ) . 
At the time of Rennell 's survey (1754-70), the rivers of 
the western and the central par ts of the delta used to flow in an 
easterly direction, e . g . , the Kumar (Comar), Nabganga, Chitra, 
Bhairab (Boyrab) and Kabadak. But, at present the direction is 
changed to south-west as shown by their present courses (1979, 
Landsat map, Fig. 5.12) of the Jalangi and Mathabhanga. This 
change, seems tc be due to the ordinary deltaic action. The main 
channel of the Ganges (Padma) having also changed i ts course 
from a southerly to an easterly direction, the central and lo-./er 
portions of the delta were cut off from their head-v/ater supply, so 
that to-day none of the r ivers between the Hoogly and Gcrai 
obtains fresh v.-ater except through ra infa l l , except the Kumar and 
Ichhamati , which tap the Mathabhanga-water in the rainy season. 
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During the survey of Rennell (1764 - 1770), the Kobadak-
Sibsah-Ehudra were very active r ive r s . Although these three 
channels are shown as seperate streams \iith independent flows in 
the Survey of I nd i a ' s map of 1880, but the map of 1979 (SPARRSO) 
shows that these channels have undergone great change so that it 
is not possible to separate them conveniently, as the v/aters of one 
intermingles with those of the others through cross-connections. At 
present the central reaches belov? Tahirpore are very tortuous and 
do not receive adequate quanti ty of water and the r ivers by nov/ 
are drying up . The Harihar, another decaying channel of the 
Ganges delta had a l ink with the Kobadak in IBBG-map. In the 
recent maps, however, this channel shows a high and dry 
appearance . Rennell did not mention this channel on this map 
(1780) . Presently this r iver consists of a few stagnant pools and 
maintains a lean flow in the rainy season. 
In the Rennell-map the off-take of the Mathabhanga from 
the Ganges main channel (Padma) was alsmot dry and in the same 
m,ap the channel is shov/n as the Comer (Kumar) but on the 
subsequer.c maps of the next centuries this stream possesses some 
flow of water . Hov/ever, the r iver has changed i t s course 
considerably during the last two centur ies . 
In the Rennell-map, the Chundna is shown as a very 
tortuous channel and it joins the Kumar after passing a 
considerable distance towards south. The present course of the 
Kumar is almost the same as it was in Rennell 's time and appears 
to have altGred l i t t l e . 
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On Rennell 's rr.ap the Nabganga is shov/n to the south-
east of Magura toun and at that time this r iver used to obtain i ts 
head-supply from the Mathabhanga and is shown as joined with 
this s tream. On the subsequent two maps of 1880 and 1979 the 
course and hydrological si tuation of th is r iver is considerably 
changed with poor and disturbed flows. 
Noteworthy change has taken place in the r ivers lying 
between the Gorai and Mathabhanga in recent years . The older 
delta-streams such as the Nabaganga, Chitra, Xobadak and 
Bhairab have been replaced by newer r ivers cutting across their 
beds, such as the Jalangi , Mathabhanga and Gorai-Madhumati . 
It is clear that the Bhairab was connected with the Ganges main 
channel throughout the las t two centuries'. This position is 
supported by the fact that even to-day (1979) this channel is 
linked upto the Ganges by i t s upper reaches in the rainy seasons, 
and during the dry-season the flow is intercepted by the Ja langi . 
In the latest maps, the upper reaches of the Kumar is 
shown as the Mathabhanga which crossed the Nabaganga and 
Bhai rab . The Kumar derives a portion of the water from Bhairab 
and also some v/ater from the Ichhamati r i v e r . The hydrological 
condition of the Gorai has considerably improved since Rennell 's 
time (1754- '80) . This change is the outcome of the merger of the 
Brahmaputra and the Ganges, and the copious supply of water 
produced a dam-like effect upon the decaying Gorai in the last 
1 
The spell ings of the different del taic r ivers have been spelt in 
different ways by the different map-nakers and authors. 
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century. The lov/sr reaches of the Barassi appear or. the Rennell-
map (1780) to have followed almost the same course as the 
Madhumati does no-.Y (1973) . It continues to the sea through the 
Ballissur and Haringhatta es tuar ies . 
Beside the changes in these major streams of the del ta , other 
noteworthy changes have also taken place in the creeks and 
estuar ies of the coastal areas of the del ta . In the ir.ap of Rennell 
(1780), most of the estuarine channels are shown to be 
comparatively wider, while the map of the Survey of India (1880) 
shows the mouth of some of the major estuaries ( i . e . , Haringhatta) 
laden with extensive sand-bars and i s l a n d s . In the recent maps 
( i . e . , SPARRSO, 1979) the la rger es tuar ies appear clear and 
comparatively wider due to the erosional act ions of the combined 
v/aters of the inland discharges and influxes of the t ides. Another 
noteworthy feature of the changes in the other streams of the 
coastal par t of the delta is that , in the recent years the number 
of streams has been increasing with the passage of time while the 
average width of the channel is getting reduced. Extensive high 
floods which occurred successively ( i . e . , 1954, 1950, 1956, 1974, 
1960, 1987 and IrBG) along with excessive si l tat ions and the 
resul tan t dra inage congestions led to the increase in the number of 
streams and decrease in the average width of the channels in the 
Ganges delta in the recent years . 
Another significant feature in the changing maps of the delta is 
the presence of numerous remnants of the decaying or abandoned 
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channels in the north-v/estern pa r t of the delta as shown in the 
recent maps. In the nap of Rennell (17cj) or Survey of India 
(1880), these scars or ox-bow lakes , v/hich represent the former 
course of the extinct r ive r s , are not re-:crded. The presence of 
such features indicates tha t in the rerer.t period considerable 
change in the hydrological condition of the northern section of the 
delta has taken place and as a resul t of this change the total 
dranage system of the delta is being affected. 
5.3.3 Changes in the Coastal Areas of the Gaxiges Delta : 
Since its very inception in the geological ant iqui ty, the 
Ganges delta has been under the continuous processes of accretion, 
sedimentation and erosion and a l l these processes have been 
moulding and reshaping the coastal area cf the delta from time 
immemorial. Fergussson (1853) has postulated that some 400G to 
5000 years ago the northern boundary of the Bay of Bengal was at 
or near the Rajmahal Hill (Bihar, India) and the delta has been 
formed by depositon. Hov/ever, according tc Chowdhury (1959), the 
present northern limit of the Bay of Bengal v^as further south and 
the whole cf the existing northern Bay vras dry land during the 
late Pleistocence time and the region went under the saa-water due 
to the rise in the sea-level through the melting of g lac iers . 
These vie\;s indicate the changes in th€' crast l ine as well as the 
whole coastal areas of the Ganges de l ta . 
Prior to Rennc-il, there did nr : exist any map cf the 
Ganges delta based en the topographic survey. The author has 
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therefore taken Rer.nell-map (Fig. 5.10) as the base map to 
compare the subsequent changes in the coast of the Ganges del ta . 
For this purpose the two maps, one of the Survey of 
India , 1880 (Fig. 5.11) and the other of SPARRSO, Bangladesh, 
1979 (Fig. 5.12) have been consulted. Besides, in the present 
study some other recent maps, ae r i a l photographs and sate l l i te 
imageries, converted into the maps (Fig. 5.17), have also been 
examined. 
The coastline of the Ganges delta extends from the mouth 
of the Hoogly-Bhagirathi in the west to the mouth of the Padma-
Meghna in the east (Rob, 1989-a). This coastal a r ea of the delta 
is confined roughly in an area between longitudes 80°0' to 91°0' E 
and 21° 30' to 22°30 'N lat i tudes (Fig. 5.12). 
The analysis of different maps of the Ganges delta shows 
some morphclogical character is t ics of the coast of the del ta . These 
include the presence of a vast network of r ive r s ; a large number 
of i s lands inbetween channels; a funnel shaped and shallow 
northern margin of the Bay of Bengal in the north of which the 
coastline of the delta is located. Moreover, the coastal a reas of 
the delta is characterized by a heavy discharge of r iver-water 
v;ith enormous quantity of sediment load; strong t ida l and eolian 
actions and tropical cyclones along vdth their associated storm 
surges . 
The present longitudinal extent of the coastline of the 
Ganges delta is nearly 315 km. In Rennell 's period (1780) the 
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maximurr. logitudinal extent of the delta along the coastal belt v/as 
about 290 km. At that time the main channel of the Ganges 
(Padma) v/a; flowing to the Bay of Bengal to the east of the 
Dakshin Shahbazpur Island ( i . e . , present-days Bhola Island) as 
a separate channel . To-day the channel is knovm as the Tentulia 
River. In 1880's map of the Survey of India the Ganges 
(Padma) and the Meghna emerged as a single channel at the lower 
course and fell into the Bay of Bengal as the r iver iMeghna. The 
combined flovf of these tvro channels used to flov/ along the south-
eastern coast of Noakhali dis tr ict and east of the Hatia Is land. 
In tha t period, it appears tha t , the lower . course of the Meghna 
was bifurcated into the Shahbazpur r iver and the Hatia channel. 
In 1880, the coastline of the Ganges delta was extended to the east 
of the Sandwip (Sidi) Island and from west to east the coastline 
of the delta was about 345 km. The changes in the longitudinal 
extent of the delta was recorded mainly in the eastern pa r t of the 
delta on the map. In the western limit the extent of the delta 
was almost s ta t ic along the mouth of the Hoogly r ive r . 
Figure 5.15 shcv;s a comparative study of the la t i tudina l 
changes in the coastal extents of the Ganges delta from the mcuth 
of the Hoogly in the west to the mouth of the Ganges (Padma)-
Mechna in the eas t . Ths average la t i tud ina l southern limits of 
different spots (points) in the coast of the delta have been added 
to construct an average coast l ine. In th is way three average 
^ Rennell has vvrongly at t r ibuted the Is land as the 'Deccan 
Shahbazpur I s land ' on his map of the Ganges delta (1780). 
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coastlines have been drawn-up for the years 1780, 1380 and 1S79 
based on the maps of Rennell, Survey of India and SPARRSO 
(Bangladesh) respectively. The comparative analysis of these 
three coastlines shov/s clear ly the l a t i tud ina l shifting in the 
coastline of the Ganges delta over centur ies . These changes can 
be seen throughout the coastline of the de l ta . However, 
significant progression of the del ta ic coast can be observed in the 
eas tern par t of the delta along the mouth of the Gangas-Meghna in 
the current century. Very significant change in :he coastline 
through the enormous accretion in the eastern region of the delta 
has occurred par t icular ly in the l a s t few decades i . e . , 1950s and 
1980s (Fig. 5.17). In contrast there is l i t t le change in the 
coastline of the delta extending from the mouth of the Hoogly 
(88°0' E long.) to the west of the mouth of the river Tentulia 
(90°20' E l o n g . ) . In the western coast of the delta the average 
oscillation of the coastlines in the different maps of the last two 
centuries is less than 12 km. From 88°0' E long. (Hoorly mouth) to 
89°45' E long . , the map of Rennell (1780) shows the highest 
southern coastal limits. The recent map (1979) of the SPARRSO 
(Bangladesh) indicates that in the recent years there is some loss 
of land cwing to coastal erosion in the western pa r t :f the de l ta . 
In the mid coastal area (89°40' E to 90°0' E long.) th£ coastline is 
protruding a l i t t le south. In the eastern half of the coast of the 
delta the phenomenon is reversed. A marked shift in :he coastline 
can be observed in this section of the coast, A comparison of the 
Figures 5.10, 5.11 and 5.12 shows that in the eastern section of 
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the del ta , the southv/ard accretion of land or the seav/ard 
progression of the delta has been going on steadily in the current 
century. This assertion finds support if a comparative study of 
some recent maps is made (Fig. 5.17). The delta-building 
processes have gained momentum in the recent years and the mouth 
of the Ganges (Padma)-Meghna in the northern Bay of Bengal has 
become the place of the highest accretion of the deltaic l and . 
In the l£30-map (Survey of India) the delta coastline shovAS an 
abrupt norrhv^ard shift to 90°20' E long . , while 1979 - map of the 
SPARRSO (Bangladesh) shows a s t ra ight coastline and the northerly 
curve of the coastl ine has become sufficiently even. An increasing 
ra te of sediraentation in the offshore sea in this region, in the 
las t few decades is responsible for th is progression of the 
coast l ine. Besides the changes in the coatline of the delta in the 
last few centuries, notev/orthy change in the size, shape, location, 
position and number of numerous coastal i s lands and channels can 
be observed in the comparative study of the various maps of the 
las t centuries and the recent years (Figures 5.15 and 5.17). 
The mouth cf the Hoogly of the extreme western section of the 
delta has maintained i ts position almost intact throughout the las t 
tv,-o centur ies . In the recent years however, it has lost its size 
and depth s ignif icant ly . This change is due tc the excessive 
si l tat ion and lack of discharge of v/ater in the recent years . In 
the SPARRSO map of 1979 the presence of huge sand-bars at the 
mcuth of the Hocgly near the Sagar Is land ( i . e . , around the Sand 
Heads.) are v;ell marked. Change has also been taken place in the 
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Sagar I s l and . During Rennell 's time (1780) the Sagar Is land ( i . e . , 
Sagor I . ) was a huge fragmented I s land and it was located 7 km 
north of the 21°30' N l a t . In the Survey of I n d i a ' s map (1880) 
this i s land becomes a single unit landmass and stands nearly 
15 km north of the said pa ra l l e l . In the recent years the is land 
has further lost i t s area and s tands about 20 km north of the 
21°30' N l a t . In the latest maps (Survey of India , 1982) the 
emergence of a few new is lands l ike the South Talpat t i (Nev/ Moore 
I . ) at the mouth of Hariaphanga can be observed along the 
western and central deltaic coast . In the eastern del:a coast the 
change of the coastal features are also very prominent. Rennell 's 
map indicates that in 1780 the Rabanabad Is land was a single 
i s l and . Whereas the Survey of I n d i a ' s map of 1880 shovfs it in a 
fragmented posit ion. In the same map, the eastern cff-shore sea 
of the Ganges delta exhibits the formation of numerous submerged 
is lands and shoals . From the mouth of the Marjatta r iver 
(S9°30' E long. ) to the Hatia Channel (90°10' E long.) a continuous 
chain of such shoals or submerged landmasses extends upto 20 km 
southvi^ard from the adjoining m.ainland or the nearest l a rge r 
i s l ands . In this map (1880) the size of other eastern i s lands 
have also become enlarged. In 1780-map of Rennell :he Dakshin 
Shahbazpur Is land (Deccan Shabaz Pour) is a single island and is 
c:;nfinei inbetv/een the meridians of 90°40' E and 91°0' E long. But 
in 188C-map this is land shows a divided appearance and comes 
nearer to the meridianof 90°30' E long. The presence of the 
Bhadura Is land at the south-western corner of the Dakshin 
234 
Fig. 5.17: Changes in the Lower Meghna Estuary : 1945 to 1982 
$OL//*ci : iUKviy Of iNOifl. iOUUCt: Jlt^lM. ^HOTOti^RfM J ^ fl F. 
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S h a h b a z p u r i s a n o t h e r s i g n i f i c a n t f e a t u r e of the rnap of t h e Survey 
of I n d i a (1880) . The SPARRSO-map of 1979 however shows a 
complete ly d i f ferent s i t u a t i o n . Here the Hat ia a long with o the r 
s m a l l e r of f -shore i s l a n d s a t the mouth of the Ganges-.Meghna h a v e 
become the p a r t of the de l t a i c i s l a n d s . In the sou the rn ex t r emi ty 
of t h e e a s t e r n off -shore p a r t of the d e l t a the emergence of some 
medium s ize i s l a n d s and s h o a l s c a n be n o t i c e d . Among these 
i s l a n d s the 'Nizhum Deep' or Char Osman and Urir Cha r a r e 
n o t e w o r t h y . 
A compar i son of the d i f ferent maps cove r ing the pe r iod from 1780 
to 1979 shows t h a t t he l a n d a r e a i n the e a s t e r n coast of the 
Ganges de l t a h a s i n c r e a s e d s u b s t a n t i a l l y ove r the l a s t 200 y e a r s 
(Tab le 5 . 5 ) . 
TABLE 5 .5 
Change in the Area of the Eastern Ganges Delta 
( Area in s q . k m ) 
Year Source Hat ia Sandwip S h a h b a z - Manpura Other ^!;ainland Tota l 
I . I . p u r I . I . I s . 
1780 
1880 
1980 
(•79) 
* * 
** * 
372 
470 
370 
480 
502 
290 
730 
800 
347 
180 
39 
120 
150 
60 
70 
2766 
2352 
4110 
4678 
4233 
5307 
Source : *RGnnel l ' s map , **Survey of I n d i a ' s map . ^^ SFARRSO m a p . 
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As regards the i s l ands , there is a sharp increase in the 
size of three i s lands ( i . e . , Hatia, Sandwip and Shahbazpur) from 
1780 to 1880, but from the close of the las t century towards the end 
of the present century the size of these i s l ands has markedly 
declined. Hov/ever, the mainland has substant ia l ly gained in a r ea . 
The northern pa r t of the Hatia i s land has joined the mainland 
during the seventies of the present century. The Table 5.5 shov/s 
the changes in areas of some of the major is lands along wi th the 
accreted area in the mainland of the eastern p a r t of the del ta-
coast . The areas of these i s l ands and mainland have been 
calculated with the help of planimeter (Fig. 5.16). 
In case of Hatia I s land the reduction of area is due to 
the merger of its northern elongated par t s v^ith the deltaic 
mainland of Noakhali d i s t r ic t . The is land of Sandwip of the 
eastern coast of the Ganges delta also shovfs the same tendency. 
During 1780 it had a total area of about 480 sq . km. In 1880, i t s 
area had increased to 502 sq . km and in 1979 ('80) it was reduced 
to 290 sq . km only. Massive bank erosion is responsible for this 
huge loss of land in the i s l and . The is land of Shahbazpur 
(Bhola) lost i t s size due to the merger of pa r t s of the is land with 
the mainland. In the last 200 years this huge estuarine is land 
has lost more than i ts half of the total l and . Considerable 
increase in land is seen in the south-eastern pa r t of the coastal 
area of the del taic mainland. Since the Survey of Rennell (17S0) 
this pa r t cf the delta has gained about 130C sq. km cf nev7 l and . 
The increase in the area of the mainland is cue to the accretion 
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of new land in the off-shore sea and the merger of the off-she 2 
i s l ands by the same process of si l tet ion in the channels in 
betv/een these i s lands and the adjacent mainland. 
Table 5.5 shows that in 1780, the total area calculated 
for del taic mainland was 2766 sq . km. In 1880, this area was 
reduced to 2362 sq . km and in 1979 (180) year the land has again 
increased to about 4110 sq. km. Thus a total of 4578 sq . km of 
land of 1780 ( i . e . , Rennell 's time) has increased to a total of 
5307 sq . km in 1979 ( ' 80) . Here a net gain of more than 600 sq. km 
area can be observed in this pa r t of the delta dur ing the las t two 
hundred yea r s . 
The nearshore sedimentation of the combined flows of the 
Ganges-Meghna and Brahmaputra r ivers in the eas te rn pa r t 'of the 
del ta ic coast is responsible for the formation of new lands at and 
near the mouth of these r ivers and as a resul t of this accretion 
the gain of more than 600 sq . km of UBVI land in the region has 
become possible . Besides, the construction of a number of 
cross-dams across the mouth of the different suitable estuarine 
branches of the Ganges-Meghna has accelerated this process of 
accretion in recent yea r s . This construction of dams has also 
been working in favour of the gain of del taic lands in recent 
years along the eastern coast of the Ganges de l ta . 
C H A P T E R - V I 
PHYSIOGRAPHIC DIVISIONS OF THE GANGES DELTA 
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6.1 GENERAL CONSIDERATIONS : 
An extensive a rea! vas tness and some obvious 
environmental diversifications have brought some marked 
var ia t ions in the physiographic character is t ics of the different 
par t s of the Ganges de l ta . The northern and north-v/estern par t s 
of the delta shov/^ s a meagre l and-bu i ld ing act ivi ty as the streams 
are almost dying out; the eas te rn and south-eastern par t s have 
been shaping and reshaping thei r morphological character is t ics 
continuously by the erosion and deposition of the active r ivers of 
the region; while the southern and south-western par t s of the 
delta have been formed predominantly by the t i da l actions of the 
Bay of Bengal. The role of the r ivers in the del ta bui lding 
act ivi t ies however va r ies in degree in different par ts of the 
de l ta . Besides, the distinct geological and tectonic si tuat ion of 
the del ta , i ts special geographical location and pronounced 
oceanographic and climatological conditions have markedly 
moulded i ts physiographic charac ter i s t ics in a var ied fashion in 
i t s various p a r t s . As an out-corce of these s i tuat ions and 
influences, one can identify a number of physiographic divisions 
in the Ganges de l ta . As these morphological divisions do not 
always show very distinct v a r i a t i o n s , it becomes ra ther difficult 
to regionalize the different p a r t s of the delta on the basis of 
their var ious physiographic charac ter is t ics and geomorphic 
differences. '.loreover, a monotonously flat r iverine appearence of 
this vast a l luvia l land has given the delta an -•" '^  ---•=•'--
physiographic look. 
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6.1.1 General Morphology of the Delta : 
The elevation of the surface of the Ganges delta is 
very lov/ and most of the area of the del ta l ies below the 5 m 
contourline. Almost half of the total del ta ic area s tands belov/ 
the 3 m contourline and the elevation of almost v^hole of the 
coastal area of the delta is less than 1 m from the mean sea 
level . The surface elevation in the north and nor th-eas tern p a r t 
of the delta is higher and decreases towards the south and 
south-east . This extensive flatness spreads the floodings evenly 
over the del ta ic l and . The deltaic r ivers have na tura l levees at 
both banks which slope down to back-swamps. In this vast flat 
surface of the deltaic p la ins there exist numerous depressions or 
lakes which stand much below the adjoining a reas in elevation 
and for most of the year contain water . The flatness of the 
land surface gives a minimum gradient to the r ivers of the del ta . 
During the flood-time ( i . e . , July to October) the average slope of 
the major r ivers of the delta are of the order of 4.5 cm/km. 
These depressions hold much flood-water and inundate appreciable 
a rea along the per iphery . 
The Ganges delta presents some unique yet in t reguing 
morphological charac te r i s t i c s . The most s t r ik ing feature of the 
delta is the remarkable s tabi l i ty of the shoreline orientat ions and 
their azimuthal co-ordinates over the last two centuries. Since 
the time of Rennel l ' s survey (1770), the shoreline cf the delta 
base has not changed much (Bagchi, 1944 and Chakraboi ty , 
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1;70) . However, some studies conducted in the recent years have 
revealed tha t considerable changes and deltaic lend-accret ions 
have been taking place along the eastern coast of the del ta (Rob, 
1539-a and Pramanik, 1983) and these processes of sedimentaticn 
introduce a constant change in the physiography of the coastal 
areas of the de l ta . 
Beside the extreme f latness and marked gentle slope of 
the deltaic surface other s ignif icant physiographic character is t ics 
of the Ganges del ta a re , the presence of a vast network of r ivers 
existence of a la rge number of i s lands and b r a i d s inbetween the 
channels and along the off-shore sea , a tide-dominated shallow 
coastal fringe with a funnel-shaped embayed p a r t of the sea and 
the presence of numerous ox-bow lakes , shallow depressions and 
sv.-amps, scar -marks of the abandoned r ivers and decaying 
channels in the northern and cent ra l pa r t s of the de l ta . 
6.1.2 RegionaJxzation of the Delta ; a Review 
On the basis of var ious physiographic character is t ics 
different authors have tr ied to categorize the Ganges delta into 
different geomorphic divis ions . Among them Bagchi (1944), Rashid 
(1577) and Bramner (1989) need to be mentioned. On the bas is of 
physiographic state of maturi ty, Bagchi (1944} divided the entire 
del taic region into three p a r t s . Moribund, Mature and Active 
(Fig. 6.1 ) . The drainage condition or the hydrographic 
characters of the different par t s of the deltaic region provided a 
key to his categorization or division of the Ganges del ta . 
242 
Fig. 6.1 : Bagchi's Scheme of Regionalization of the Ganges 
Delta 
Surce : Eagchi, K., (1944), The Ganges Delta, Calcutta 
University Press . 
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According to Bagchi (1944), the Moribund pa r t of the 
delta comprises the d is t r ic ts of Murshidabad, Nadia, Kustia and 
Jessore in the northern and nor th-eas tern pa r t s of the Ganges 
de l ta . This p a r t of the del ta is charac ter i sed by dead or 
decaying r ivers which have lost connection with the main 
channels . Besides, no sil t i s added to th is region, and active 
formation of land has v i r tua l ly ceased. Bagchi ' s 'Mature delta ' 
lies between the Moribund and the Active p a r t s of the delta and 
comprises the a reas in the dis t r ic ts of Far idpur and part of 
Barisal in Bangladesh. In the Mature del ta r ivers are s t i l l 
act ive, but jus t have ceased carrying silt and maintaining their 
function of act ive del ta ic land formation. The th i rd sub-division 
of Bagchi 's 'Active de l ta ' occupies the southernmost portion of 
the Ganges del ta and covers the Sundarbans and the 
Meghna-mouth coastal i s l ands . This p a r t of the delta is 
characterised by active streams ca r ry ing si l t vfhere 
land-formation processes are s t i l l in force. 
Rashid (1977) has divided the Ganges del ta into five 
sub-divis ions , namely, iMoribund del ta . Central delta bas ins . 
Mature del ta . Immature del ta and Active de l t a . His scheir.e of 
regionalization separa tes the Sundarbans, the la rges t mangrove 
forest of the world, and of i t s adjoining a r e a s from the deltaic 
par t of Eagchi ' s 'Active d e l t a ' . Besides, Rash id ' s Active delta 
comprises only the eastern coastal and es tuar ine flank of the 
Ganges del ta . Rashid further separates the 'Centra l delta 
244 
bas in ' from Bagchi ' s Mature delta on the basis of physiographic 
pecul iar i ty . 
Brammer (1989) has classified the del ta ic region into 
Active Ganges floodplain. High Ganges r iver floodplain, Ganges 
t idal floodplain, Gopalganj-Khulna b i l s , Arial b i l and Young 
Meghna estuarine floodplain. His scheme of regionalization 
however covers only the del taic a rea within Bangladesh. 
Considering the various l imitat ions of the aforesaid 
schemes of classification of the different pa r t s of the Ganges 
del ta , the author has made an attempt to regional ize the delta on 
the basis of f luvial morphology of the region covering both the 
par t s of Ganges del ta spreading over Bangladesh and West Bengal 
of India in the present s tudy . 
In th is new scheme of the regional izat ion of the Ganges 
delta the var ious stages of fluvial land formation and the 
existing nature of the fluvial act ivi t ies have been taken a s the 
basis of land classif icat ion. The following divisions of the delta 
have been identified by the author (F ig . 6. 2) : 
1. Old del ta , 
2. Mature delta, 
3. Young del ta , and 
4. Tidal del ta . 
The old p a r t of the Ganges delta roughly corresponds 
the Moribund deltaic region of Bagchi (1944), deleting so-.e areas 
245 
Fig. 6.2: Physiographic Divisions of the Ganges Delta 
Source : The Scheme of regionalizat ion of the delta of the Ga-ges by 
the Author of the Present Thesis . 
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of the Moribund delta and a small a rea of extra-Moribund delta 
has been inc luded. The r ive r s of this pa r t of the delta become 
par t ia l ly ac t ive , and car ry some water and silt in the region 
and in some p a r t s of this region a t leas t a meagre morphological 
change can be discerned and the term 'Moribund d e l t a ' , or 'dead 
delta' attributed hy Bagchi (1944), find no justification for this 
par t of the de l t a . 
The 'Mature de l t a ' occupies the centra l and eastern 
par ts of the Ganges delta covering the lower Padma floodplain, 
the Podda-Madhumati floodplain, Gupalganj-Khulna bi ls and some 
other south-centra l regions of the eastern Ganges de l ta . In this 
Mature delta the processes of land-formation have reached their 
final s tage while the streams of the region are s t i l l much act ive . 
The 'Tidal de l ta ' s tands at the southern edge of the 
Mature delta which remains barely above the sea- leve l . The 
famous Sundarbans mangrove forest and the adjoining reclaimed 
estates comprise this t idal p a r t of the Ganges de l ta . The Tidal 
delta is a very lovf and extremely flat tract of plain 
criss-crossed with numerous coastal creeks and d i s t r ibu ta r i e s . 
The t idal inundat ions wash the southern t r a c t s of this p a r t of the 
delta daily and most of the small and l a rge streams of the t idal 
pa r t of the Ganges del ta influence t idal influxes r egu la r ly . 
The Young delta comprises the south-eastern par t of the 
Ganges de l ta . This section covers the es tuar ine floodplains of 
the Meghna, r iver ine flcodplains along the Padma and the Meghna 
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and the off-shore i s lands of the de l ta . This p a r t of the delta 
is characterized by active streams carrying s i l t , v/here 
land-bui ld ing process is s t i l l proceeding in full swing. Marked 
fluvial act ivi t ies of both erosion and deposition are tak ing place 
in this Young de l ta . Besides, a massive accretion of new land is 
being taken place in the off-shore shallow sea adjacent to this 
young deltaic pa r t in recent years which v i r tua l ly will add to 
the total a rea of the young par t of the Ganges delta in near 
future. 
6.2 PHYSIOGRAPHIC DIVISIONS : 
6 . 2 . 1 Old Delta : 
The Old p a r t of the Ganges del ta comprises the north 
and north-western portions of the de l ta . This p a r t is sometimes 
at t r ibuted as the' 'Moribund del ta ' by different authors (Bagchi, 
1944 and Rashid, 1977) . The Old delta has very poor dra inage 
system. The streams are choked with sil t and sand deposits and 
are unable to car ry the flow of water for most of the period. 
Most of the streams of this Old p a r t of the del ta remain dry or 
car ry l i t t le water except during the wet-raonsoon months. Because 
of the decaying na tu re of the r ivers and the poor dra inage 
condition, this pa r t of the delta is called the Old or Moribund 
del ta . Hydrolocically, the ' dead ' channels o: th is area have 
lost connection vrith the main channels . No si l : is added to the 
region now and active formation of land has stopped here . 
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Besides, an abundance of ox-bow lakes , elevated or raised 
floodplains, interfluve depressions with scanty supply of v/ater 
and silt and numerous abandoned courses of former channels 
constitute some of the typical topographic charac ter i s t ics of this 
old par t of the Ganges de l t a . The Old deltaic par t comprises 
major pa r t s of the d is t r ic ts of Murshidabad, Nadia and northern 
portion of the 24-Parganas in West Bengal ( Ind ia ) and Kustia, 
and Jessore discr ic ts in Bangladesh. The causes of decay of 
the r ivers of this pa r t of the delta are a t t r ibuted to the na tu ra l 
out-come of the del ta ic processes (Bagchi, 1944) . 
The Old delta is a comparatively higher surface and 
s tands apar t from the t idal influence. Numerous crescent-shaped 
or ox-bov/ lakes having water in them throughout the year from 
underground aquifers and ra in-s torage dot the Old delta as 
typical landform features . In this region r ivers are s l ight ly 
entrenched and along some of the major streams high bank-levees 
are observed. During the r a iny season these decayed channels 
carry some Surface water from the rain and a few of these 
s t reams, if not choked at the off-takes, car ry a l i t t l e flood water 
of the Ganges as d i s t r i b u t a r i e s . The Gorai is an active r iver of 
this Old par t of the delta and it carries some flow from the 
Ganges to the Pussur and Baleshwor r ivers in the south. The 
Ja langi , Bhairab, Chury, Ichhamati , Mathabhanga and Kobadak 
are some of the important streams of this pa r t of the Ganges 
de l ta . The Old delta is also famous for its vast low-lying 
The former greater d is t r ic t s of Jessore and Kustia of Bangladesh 
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depressions or bils and bao r s . Among these depressions Kalantor 
of southern pa r t of Murshidabad distr ict is studded vdth several 
bi ls (shallov/ lakes) of v/hich Pat b i l , Salmari b i l , Kumri b i l are 
important . During the ra iny season these depressions contain 
water fron floods and ra in fa l l and engulf a vast lovir a rea of the 
Old pa r t of the Ganges de l ta . However, for most of the months of 
the year many of these depressions remain high and d ry . These 
are also the resu l tan t s of the decaying situation of the d ra inage 
system of the region. Poor d ra inage condition and water-logging 
are the main hydrological problems of th is pa r t o: the de l ta . 
The north-west and south-west portions of the Old del ta are 
comparatively higher than the rest of the Ganges de l ta . 
Textural ly , the soil of th is p a r t of the del ta contains more sands 
and c lay . 
6 .2 .2 Mature Delta : 
The del ta ic portion where r ivers are s t i l l ac t ive but 
have ceased to car ry silt and maintain their functirn of active 
land-formstion is termed as the Mature de l ta . This p a r t of the 
Ganges delta s t retches from the south of the l ine joining Calcutta 
and Khulna cities towards eas t upto the Madhumati and extend 
coming upto the Sundarbans forests . Here the r ive r s , from the 
north, are fed from the run-off of the surrounding a r e a s . 
Although these streams continue to flow they do not contribute to 
the elevation of the land due to lack of sufficient suppply of 
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silt as a resul t of the decaying channels lying upstream in the 
north. Ho-.vever, the region is also not subject to much erosion. 
This pa r t of the delta covers the sub-sections namely, 
the low Ganges r i ve r floodplain, the Podda-Madhumati floodplain, 
the Gopalganj-Khulna bils and the Old-Meghna estuar ine 
floodplains. The centra l pla in of this portion of the Ganges 
delta is getting depressed due to elevation of the fringe areas of 
the Mature de l ta . This process of subsidence of the central plain 
and the rise of the fringe a reas is however very slow. The 
central par t of the Mature del ta contains numerous b i l s and 
marshes . The r ivers inundate the lower areas and cause 
considerable flood deposits in p l aces . Maximum area of th is pa r t 
of the Ganges delta belongs to the distr ict of greater Far idpur in 
Bangladesh. A small portion however covers the northern p a r t s 
of the dis t r ic ts of Khulna and Bar i sa l . Morphologically the land 
formation comprises predominantly the meander-floodplains of the 
l a rger d i s t r ibu ta r ies of the Ganges. 
The Podda-Madhumati floodplain is the la rges t 
sub-region of the Mature pa r t of the Ganges del ta . In this 
region land- levels vary considerably, from very shallow 
inundated surface in the north-west to considerable high-flooded 
bas ins in the south-v;e5t. Although there occurs Some overland 
inundat ions , the Mature delta along the Podda-Madhumati 
floodplain does not experience much erosion or deposition. A 
major portion of this floodplain was developed by the 
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sedimentation of the r4adhumati during i t s prime stage but since 
the mainflow s ta r t ed to follow the course of the main-channel or 
the existing course of the Ganges, these l and-bu i ld ing processes 
had stopped. 
The southern portion of the Mature p a r t of the delta 
experiences some t ida l influence and some resu l t an t t ida l 
landforms ( i . e . , sa l ine or non-sal ine floodplains) can be seen in 
this region. The rel ief in the non-saline t ida l floodplains of the 
Mature delta i s l ike a shallow basin with elevated levees along 
the r i ve r s . Seasonal normal floods are common here . In the 
sal ine t idal floodplains the effect of tides is strong and br ings 
about fluvial scouring in the s t reams. There exist cross-channels 
between the l a r g e r r ivers leading to slow deposition a t the 
confluence of the l a r g e r streams in th is p a r t of the de l ia . 
6 .2 .3 Young Delta : 
The Young delta comprises the eastern and 
south-eastern pa r t s of the Ganges delta and includes the coastal 
a reas of the eastern delta alongwith numerous off-shcre i s lands 
and chars of the nor thern Bay of Bengal. This sec:ion of the 
delta is character ized by active streams car ry ing huge amouni of 
sediments leading to the process of l and-bu i ld ing . All ;he streams 
of this Young par t of the Ganges del ta are very act ive and carry 
sufficient silt and v/ater. The fluvial process of erosion and 
deposition are continuously changing the topography and shaping 
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and re -shaping the form and size of the is lands and floodplains 
of the Young de l ta . Massive erosion and depostion along with 
the extensive floodings are very common in this pa r t of the 
Ganges de l ta . 
In the Young delta six geomorphic sub-divis ions can be 
identified on the bas i s of geology, hydrology, physiography and 
sedimentary processes . These are : 
1. the stream-bed and low-level te r race deposits, 
2. the de l ta ic floodplain, 
3 . the t i da l floodplain, 
4. the recent t idal deposits ( s t ab le ) , 
5. the deposits of submerged land (uns table) , and 
5. the zone of sediment concentration in the es tua ry . 
The stream-bed and low-level t e r race deposits were 
developed during the mid-Holocene period. These deposits were 
laid down by the Meghna r iver and i ts d is t r ibutar ies as they 
shifted their courses at different geological time. 
The deltaic floodplain deposits were developed during 
the Neogene to recent period. Floods of the local r ivers have 
laid dov/n the sediment. Natural levees are formed along the 
r iver banks in this sub-region of the del ta . 
The t ida l floodplain deposits were accumulated by the 
influence of tides and floods of the Ganges (Megna) e s tua ry . 
Lower na tura l levees are formed along the banks of some r ivers 
due to the t ida l influence. 
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The rec9nt t idal mud-flats have been la id down by the 
tides of the es tuar ine par t s of the Young delta anc these are 
highly immature formations. Here no na tura l levees are formed. 
The submerged lands are shoals of the coastal type and 
deposited in and off the estuary during the high t ides and 
merged in the lovf-tides. The depositional process is s t i l l going 
on and the surface is r i s ing gradual ly here . 
Some sa te l l i te imageries (Landsat/ERIM : SPARRSO, 
1930-1990) reveal t ha t there is an enormous concentration of 
sediments in and around the mouths of the Ganges and Meghna 
system which has given a r a the r turbid and muddy cclour of the 
imageries (F igs . 4.2 and 6.3.12) . The off-shore areas of the Bay 
of Bengal a re of shallow depths ( i . e . , less than 5 m ) . 
The Young par t of the Ganges del ta is sometimes 
at t r ibuted as the 'Active de l ta ' by different authors (Bagchi, 
1944, Rashid, 1977 and Pramanik, 1983). 
The surface elevation of the Young del ta ranges from 
2.13 m above the mean sea level in the north to less than 0.90 m 
in the south ( i . e . , coastal a r e a s ) . The land gradual ly slopes 
tovrard south and the gradient is very gentle here with less than 
0.10 cm. per km. iMost p a r t s of the coastal and riverine fringe 
areas in the Young delta are vulnerable to the t ida l inundat ions. 
These areas have been protected by the highly raisad coastal 
embankments ( i . e . , 5 to 6.5m h i g h ) . Inspite of these protecuons 
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some severe cyclonic or t idal surges car. easi ly penetrate them. 
For example, the devasta t ing cyclonic bores of 1970 (.'.'ovember, 12) 
and the ca tas t rophic cyclonic surges of 1991 (May) rose higher 
than these coastal embankments and washed-out a huge area 
along the coastal belt of the southern pa r t of the Ganges del ta . 
The bankl ines of the r ivers and coast of the Young 
delta is most i r r e g u l a r , highly broken and the adjacent sea-floor 
is considerably shallow and uneven in depths . Constant severe 
erosion is taking place in the nor th-eas tern p a r t of the Bhola 
I s land and has formed recently two separate nodal points along 
the curve, while marked sedimentation is going on along their 
southern edges. 
Low elevation and flatness of the surface a re tvfo 
important charac te r i s t ics of the Young del ta . The land area in 
this p a r t of the Ganges del ta is increas ing by the process of 
'channel swi t ch ing ' . This process indicates the deposition of 
r iver sediments and subsequent extension of delta in the apex of 
the Bay. Here r ivers are the main media of the t ransportat ion of 
sediments ( i . e . , s i l t s and c l a y s ) . The thickness of the sediments 
deposited in the Young delta in the ea r ly recent period is 
thought tD be less than 3,000 m (Morgan and Mclntire, 1959). 
The sedir.entary deposits on the s t ab le lands are ra ther well 
s t ra t i f ied . 
The v/hDle of the Young del ta can be sub-divided into 
three par ts : i) the estuarine de l ta , i i) the r iver ine delta and 
i i i ) the off-shore del taic is lands and cha r s . 
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The r iver ine sub-division of the Young delta includes 
the active Podda floodplain to the north and nor th-eas t , the 
Mehendiganj i s lands (chars) of the lower Meghna mouth in the 
south-east of the Ganges de l t a . The active Podda floodplain is a 
comparatively low floodplain and is subject to inundat ions , 
erosion and deposition from the Ganges (Padaa or Podda) main 
channel . This r iver ine floodplain runs along the r ight bank of 
the Ganges as a s t r ip of p la in in a north-west to south-west 
direct ion. The sediment composition of th is del ta ic flank mainly 
consists of calcareous loams and c l a y s . This portion is 
occassionally covered to a depth of 0.5 m to 2.0 m by the flood 
water during the wet monsoon. The Mehendiganj i s lands owe 
their existence to the active erosional and depositional processes 
of the Meghna at the lovrer course of the Ganges main channel . 
The low floodplain with r idges and shallow bas ins characterize 
the relief of this sub-section of the Young de l ta . 
The estuarine Young del ta comprises the Meghna 
estuar ine floodplain in the south-eastern Ganges de l ta . I t is an 
area of medium level land and subject to minor inundat ion in the 
intense wet monsoon period. The elevated land in the north and 
large areas of newly accreted flats in the south constitute this 
estuarine region of the Young del ta . Owing to the absence of the 
sufficient dra inage ( inland) faci l i t ies , t ida l effects are not felt 
strongly here . The process of land-formation and the sea-ward 
progression of land is actively taking place in th is par t of the 
delta due to the depositional work of the Meghna and the 
Boro-Feni r i ve r . 
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The off-shore i s lands in the south-ea£:ern coastal a r eas 
of the Ganges delta morphologically belong to the es tuar ine 
i s lands and chars of the Meghna-Ganges syster.. The r ivers of 
the south-eastern delta form three major es tuar ies , the Lower 
Meghna, Haringhata and Agnimukha. Along the mouths of these 
wide es tuar ies huge s a n d - b a r s , is lands and shoals have been 
formed. Among the various off-shore i s lands oi the Young delta 
the Rabanabad (Baisdia) , Rangaba l i , Dhanmanik char , Kal i rchar , 
Shiber char . Char Kajal, Char Osman, Char Kalmi, Char Manika, 
Kukri-Mukri, Char Alexander, Char Andh = r , Urir char , 
Nizhumdwip are important and inhabi ted . The shallow sea-shelf 
of the region (5 to 20 m depth) is dotted with innumerable newly 
formed sand -ba r s or cha r s . The number of these cha r s and 
shoals increases continuously and ultimately they ei ther join the 
mainland or other is lands to form la rger deltaic land masses or 
erode away by the waves or cur ren t s into the deeper p a r t s of the 
sea . Both the processes of erosion and deposition are going on 
here ceaselessly. The I s lands of Bhola, Hatla, Ramgati and 
Sandwip are fair ly l a rge , but now-a-days , most of these large 
i s lands have joined the mainland of the del ta and their s ta tus as 
i s lands is maintained through coastal channels . Severe erosion 
has taken place in some of these i s lands in the recent yea r s . 
Among them, the Sandwip, Hatia and Ramgati are badly effected. 
However, the aggradat ional process of accretion maintain an 
upper hand. Several extensive shoals have besn forr.ed in th is 
off-shore coastal a rea and these are expected tD be consolidated 
and developed into l a rger off-shore is lands in tho near fu ture . 
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Forceful and devastat ing t ida l bores or cyclonic surges sometimes 
cause extensive damage to these off-shore i s lands of the Young 
par t of the de l ta . 
6.2 .4 Tidal Delta : 
The Tidal del ta covers a vast coastal plain spreading 
from the Hoogli es tuary in the west to the west of the Bhola 
is land in the east and extends upto the southern fringe of the 
Old and Mature del ta in the nor th . The Sundarbans - - a famous 
mangrove forest of the world occupies the major portion of the 
t idal pa r t of the Ganges de l ta . This par t of the delta is an 
extensive plain created by enormous sedimentation and subsequent 
subsidence caused by compactation and s t ruc tu ra l down-warping 
(Ahmed and Khan, 1959). In th is pa r t of the del ta the t idal 
movements have spread the a l luv ia l sediments evenly leading to 
the formation of almost a perfect p la in with a slope of less than 
0.05 cm per km. The t ida l action has also created 'Checker-
Board' pat tern of d ra inage . The streams flowing from eas t tc 
west and joining the north-south flowing d i s t r ibu ta r i es of the 
Ganges are locally called Bharanior the connectors. The n a t u r a l 
levees of these t ida l creeks of the Sundarbans a re very lov.' and 
almost f lat . These levees submerge during the high t i de s . The 
inter-stream areas comprise the saucer- l ike shallow depress ions . 
Mud-flats are common morphological features which surround the 
fringes of these inter-s t ream t r ac t s of the t ica l de l ta . Cc-astal 
sand dunes are also developed in some of the southern and estern 
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i s lands of the t idal par t of the Ganges delta (Paul , 1538) . 
The whole of the Tidal delta is very lov? land and 
s tands bsre ly above the sea- leve l . It is assumed tha t the 
formation of th is pa r t of the Ganges delta has not completed yet 
(Rashid, 1977) and it seems that the lack of adequate deposition 
and the effect of the ceaseless process of subsidence are 
responsible for this incomplete buildup of th is region. 
The lower pa r t of the Tidal delta covers a network of 
brac ing streams around oblong-shaped i s l a n d s . Mouth-bars are 
formed and the streams are branched-off v/hen the s i l t - laden 
streams reach the shallow sea . Here the stream velocity is 
considerably checked and the sediment load is flocculated by the 
ponding effect of the t ides . Moreover, th is t ida l action forces 
the coastal creeks to break their banks and open out 
cross-channels . These cross-channels are typical features of the 
tide-dominated flat p la ins of this par t of the Ganges del ta . 
Strickland (1940) has observed tha t these cross-channels usual ly 
d isappear v/ith the g radua l r ise of the deltaic land surface. The 
coastal Pert of the Tidal delta is character ized by the low-lying 
t idal plains associated \/ith the coastal sand-dunes which 
sometimes rise five to ten meters h igh, old and new beach ridges 
and mud-flats . The fluvio-tidal forces have created these 
formations in th is pa r t of the de l ta . 
3ff-shore shoals of varied magnitudes can be seen 
along the coas ta l sea of the Tidal delta and these shoals 
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sometimes extend upto 15 km or even more outward to the deep sea 
in the south. The Sand Heads shoals of the Hoogli mouth and the 
extensive shoals of the mouth of the Ear iabhanga-Raimangal , 
Haringhata and the Marjhata estuaries are v^orth-mentioning. 
They are located a t 20 to 30 km away f ro- the deltaic coastline 
and some of them cover a reas ranging from 10 to above 100 sq.km . 
The Tidal del ta possesses numerous small and large coastal 
i s l a n d s . Among the l a rge ones are the Sagar Island (Hoogli 
mouth), the Dalhousi I s l and , Lodhian I s l and , Jambu Duip, of 
West Bengal and the Putni I s l and , Dublarchar, e t c . of 
Bangladesh. The Hoogli, Jamira, Matla, Gossaba, Har iabhanqa , 
Raimangal, Horinghata, Marjhata, Malancha, Bishkhali a r e some 
of the large r ivers of the Tidal del ta while the Shibsa, Pussur , 
Baleshwor from the huge es tuar ies of the Ganges delta in the Bay 
of Bengal. 
5.3 MORPHOLOGICAL FEATURES OF THE GANGES DELTA : 
An examination of the different physiographic un i t s of 
the Ganges delta based on the studies of the topographic sheets , 
in terpreta t ions of the aer ia l -photographs and satel l i te imageries 
and the field invest igat ions reveal a complex and var ied 
morphological features in the different p a n s of the de l ta . The 
morphological var ia t ions in the del ta are the results of var ied 
actions of the discharge of water and sediments, hydrological 
s t ress and the various fluvio-marine pre cesses acting in the 
different pa r t s of the de l t a . The seasonal var ia t ions of the 
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discharges of v/ater and sediments, na ture of floodings, action of 
tides and v/aves and the fluctuations of the sea- levels , human 
interference and many other biological interact ions, have been 
found respcnsible for these va r i ed morphological composition of 
the different p a r t s of the de l t a . 
In order to identify the various types of morphological 
features as well as the spa t i a l var ia t ions among the different 
physiographic divisions of the Ganges del ta extensive studies 
have been nade of the topographic maps, aer ia l photographs and 
sate l l i te imageries and field survey by the author. Recent 
topographical sheets of the Ganges delta area on 1:50,000, 
1:63,350 and 1:253,440 scales prepared by the Survey of India 
and Survey of Bangladesh have been used to regionalize the delta 
on the basis of physiographic character is t ics and to identify the 
var ious morphological features in the different pa r t s of the de l ta . 
On the basis of these topographical sheets and some aer ia l 
photographs ( i . e . , Nos. 7509-35E/45, 7513-74W/185 and 7511-50E/255 
taken in 1574-'75 by the Canadian Air Survey on behalf of the 
Survey of Bangladesh on scale 1:30,000) elaborate investigations 
have been conducted on the morphology of the del ta . Several 
f ield-surveys have also been launched in the different par t s 
covering al l the four var ied physiographic uni ts (v iz . , i) Old 
del ta , i i ) f.^ature del ta , i i i ) Young delta, and iv) Tidal del ta) to 
support the invest igat ion and varify the findings of the studies 
through toc:-sheets and ae r ia l -pho tographs . For the purpose of 
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analys is of aer ia l -photographs sterioscopes, l igh t - tab les and 
addit ive viewers were used and or. the bas is of these studies 
several maps and re levant figures v/ere prepared for the present 
s tudy . An detai led account of var ious morphological features has 
thus been p repa red . 
6.3.1 Morphology of the Old Delta : 
In analyzing the morphological charac ter i s t ics of the 
Old p a r t of the Ganges del ta topographic map (sheet No. 79-11/E) 
of the Survey of Bangladesh (1983) on scale 1:50,000 was used. 
Besides, for the same purpose an ae r i a l photograph (No. 
7519-74W/185) of the Survey of Bangladesh (1974-'75) on scale 
1:30,000 and a supporting sa te l l i te photo of Landset (Band TM 7, 
Feb. 26. 1988, R & P 138/044) collected by the SPARRSO 
(Bangladesh) were s tudied. F ig . 6.3.1 represents the portion fo 
the topographical sheet used in the s tudy . This map covers an 
area in the d is t r ic t of Jessore si tuated within the l a t i tudes 
23°15' N to 23°25' N and the longitudes 89°33'E to 89°41'E. This 
section of the Old delta comprises the val ley and floodplains of 
the r iver Madhumati and represents a typical landscape of the 
'Moribund' or the decaying pa r t s of the Ganges de l ta . Numerous 
ox-bow lakes , marshes and depressions, b i l s and bao r s , scat tered 
lakes , abandoned channel , pa r t i a l ly dried up channel of the 
Madhumati r iver and point bars characterize the whole legion 
under s tudy. The area under study occupies about 200 sq.km 
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Fig . 6 . 3 . 1 : Old Par t of the Ganges Delta: Par t of a TopogrcZ/hic Map 
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Source : Survey of Bangladesh, Dhaka. 
263 
of del taic surface. Although in this area the Madhumati is very 
shallow and in most of i t s course extensive deposition of sand 
and si l t is observed, s t i l l the channel maintains its s luggish 
flow. In the ra iny season i t gets a significant amount of flood 
water and in other times the t idal water helps to keep the r iver 
flowing. Bil Ja r ia , b i l Gopalpur, b i l s of Narayandia are 
important left-bank lakes of the Madhuirati . Among these lakes 
b i l Gopalpur is a prominent ox-bow lake with more than 5 km 
in leng th . I t has been disconnected from the main channel of 
the Madhumati by deposition of c lay-plug a t char Khas 
Mcndalpur. Another long bend of the r iver may be separa ted at 
Akhal ipara from the main course and may form another prominent 
ox-bow or crescent-shape lake in the region within a few y e a r s . 
Along the right banks of the Madhumati r i v e r several marshes 
and depressions have been formed. Among these the Ichhamati 
b i l , Kalachandpur b i l and Ja la l s r i b i l a re prominent. Recently 
these shallow low-lying area are being reclaimed for ag r i cu l tu ra l 
purposes . The northern portion of this area is comparatively 
high. The highest point here is about 7.5 m from the mean 
sea-level (v iz . , Elengkhali) . The r iver -bank a rea are higher 
and the elevation gradual ly decreases tov/ards the flcod-plains 
and the lowest points are found on the back-swamps where the 
elevations of the lowest surfaces s tand at 1.5 to 2 m above the 
mean sea- level . Extensive a reas of bas in- l ike mud-pans ( i . e . , 
Raghunatpur baor in the south) a re alsc seen in this s:udy a rea 
which are assumed to be the remnants of the former courses of 
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Fig . F-I : Photographs of Depositional Features in the 
Ganges Delta 
a) Mud-Cracks : A Surface Depositional Feature in the 
Ganges Delta During the Dry Season 
b) Asymmetrical Sinuous-crested Wave-Ripples on Mud-
f la ts a t Char Fesson in the SE Ganges Delta 
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the r ivers of the region. In the rainy season (May to August) 
the central a r eas of these mud-pans turn into smaller lakes with 
shallov/ depths, bu t , for most of the year they remain high and 
dry with typ ica l mud-cracks and mud-fills (Fig. F . I ) . The 
meandering of the streams of the region has given r ise to these 
low-lying cut-offs and marshes of -different size and shape . In 
this section of the Old p a r t of the Ganges del ta several dis t inct 
landform features are observed. Among these the levee t r a c t s of 
the Madhumati r iver , the intervening floodplain, low-lying 
depressions of different types and the r iver ine s a n d - b a r s and 
s i l t -deposi ts a re worth mentioning. 
The lands ra ised by the spi l l action of the r iver 
Madhumati along i ts course are called the levee t r a c t s of 
Madhumati. These are not continuous elevated lands and they 
v a r y from 2 to about 7 km in width with a maximum height of 8 m 
near Mohammadpur Market and a minimum of A m near Makra i l . 
The higher edge of the levee faces the r iver and there is a 
g radua l drops in elevation towards the back-swamp a r e a s . The 
levee belt is dotted with numerous small lakes and marshes . The 
lakes of Maheshpur, Banagram and Egarana l i a re some of the 
levee-tract depressions. During the ra iny season, flood discharge 
enters the region through the abandoned courses of streams or 
through the breaches of these levee t r a c t s . The levee t r a c t s , 
though relat ively high, a re not uniform in deposition and can be 
sub-divided on the bas is of micro-relief. The higher elevat ions 
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away from the r iver appear s t a i r - l ike and can be designated as 
old t e r r aces . Those, that are lower than the 'old t e r r ace s ' may-
be termed as 'newer t e r r a c e s ' , while the intervening depressions 
may be termed a s ' i n t e r - t e r r ace swamps ' . 
Between the Nabaganga r iver and the Madhumati there 
l ies the in tervening pla in of the Old delta. This is an 
aggradat ional pla in of both the r ivers and their sp i l l - channe l s . 
The physiographic charac ter of this p la in is almost uniform, only 
to be interrupted by b i l s , baors ox-bow lakes and marshy t r a c t s . 
Such depressions increase in number as one proceeds southward. 
The height of the p la in renge between 1 to 4 m. The dra inage 
l ines indicate tha t the general slope of the land is t i l ted from 
north-v/est to south-eas t . 
Low-lying depressions and lakes are dis t r ibuted over 
the whole of the a r e a . However, the southern portion of the area 
exhibi ts the maximum concentration of these depressions. Bil 
Ja r ia , Bil Gopalpur, Shamuk K h u l a b i l , Ja la l s r i b i l and 
Kalachandpur marshes a re some of these numerous low-lying 
depressions. During the ra iny season the region looks l ike a 
vas t lake in which the v i l lages appear as small i s l a n d s . There 
is nc proper outlet of the accumulated ra in water in the region. 
During the field survey, it was noted tha t v/ater remains 
s tagnant in the centra l depressions for a considerable period, 
but in the per iphera l a r eas it remains only for a fevr days to a 
few weeks. 
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Fig , 6 .3 .2 : Aerial Photograph of a Par t of the Old Ganges Delta 
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F i g . 6 . 3 . 3 : Sa te l l i t e Imagery of a P a r t of t h e Old Ganges Delta 
Source : LANDSAT/SPARRSO ( Dhaka ) . 
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The analys is ; : the ae r ia l photograph (IIo. 7519-185, 
1975) and the sa te l l i te imagery (Landsat : TM Band-7), presented 
in the F ig . 6.3.2 and Fig . 5.3.3 respectively, shovr almost the 
same morphological p ic ture of the old portion of the Ganges de l t a . 
Meagre water in the decaying s t reams, abundance of ox-bow lakes 
and low-lying depressions, remnants of the abandoned courses of 
the former s treams, isolated and scattered lakes or b i l s and 
extensive flood p l a i n s with poor dra inage system are the 
charac ter i s t ic features discerned from the air-photo, the sa te l l i te 
imagery and field work. 
6.3.2 Morphology of the Mature Delta : 
For the invest igat ion into the morphological 
character is t ics of the Mature p a r t of the Ganges del ta the 
topo-sheet (No.79-7/1, scale 1:50,000, Survey of Bangladesh, 
1983), ae r ia l photograph (No. 7511-255, 1974-'75, Survey of 
Bangladesh, collected by the Canadian Air Survey) and the 
sate l l i te imagery (Landsat , Band-7, R & P 137/044) have been used 
and these data-sources are presented in the Fig. 6 .3.4, F ig . 
6.3.5 and F ig . 6.3.6 respect ively. These three different da ta -
sources cover three different pa r t s of the Mature del ta . All the 
three figures comprise some del ta ic lands of the greater d is t r ic t 
of Far idpur in Bangladesh along the south-western side of the 
Padma (Ganges). F i g . 6.3.4 covers an a r ea of about 80 sq.km 
spreading within la t i tudes 23°15' N to 23°20' N anz longitudes 
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Fig . 6 .3 .4 : Mature Part of the Ganges Delta: Part of a Topographic Map 
IHDEX 
%0'l^E 5^^,^^^ . Survey of Bangladesh, Dhaka 
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£j°15' E to 90°22' E. The mighty Ganges flov/s along the north 
end the Naria Khal and its another minor b ranch , tvro spill-
channels of the Ganges, flovr along the eastern border of the 
a rea . The Palanq r iver and i ts main feeder channel flow across 
the centre and nor th-eastern corner of the region. The feeder 
channel of the Palang r iver and the Naria Khal experience t idal 
influences. The study area of F ig . 5.3.4 represents an extensive 
area of floodplain of the Mature de l ta . The whole region is 
vulnerable to monsoon floods and a l l the channels of the region 
are very act ive . Morphologically, the surface of this region is 
ccnsiderably high and homogeneous. The northern side of the 
region is higher with a maximum elevation of about 5 m near 
Jcysagar v i l lage and the height g radua l ly decreases towards 
scuth. The minimum height is about 1.5 m. This region is 
sufficiently drained and the depressions are small in number. 
Hcv/ever, a few small marshes can be seen at the south-eastern 
pa r t of the region. 
Figure 6.3.5 covers a typical a rea of the Mature del ta . 
The r iver Arial Khan and i t s d i s t r ibu ta ry channel are highly 
acitive in this region. Extensive floodplains of the Ganges and 
the Arial Khan with re la t ive ly low elevations indicate the normal 
deltaic character is t ics of the region. Some • other minor 
d is t r ibutar ies and spi l l -channels of the Ganges main-channel 
(Fadma) drain the region efficiently. This p a r t of the Mature 
delta is also vulnerable to inundations because of the lower 
elevation of the region. 
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Fig . 6 .3 .5 : Aerial Photograph of a Par t of the Mature Ganges Delta 
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Figure 6.3.6 represents a remotely sensed image of a 
small area of the mature par t of the Ganges de l t a . This area 
covers the floodplains around the Arial Khan r iver in the 
nor th-eas tern Far idpur dis t r ic t in Bangladesh. The huge channel 
of the Ganges (Padma) flo\7S across the nor th-eas tern corner of 
the study area shov/n in F ig . 6 .3 .6 . In this region the ri^/er 
Arial Khan shov/^ s a clear meandering course. Many smaller 
depressions, a few ox-bow lakes and numerous abandoned courses 
of the former r ivers character ize the area . These features 
' indicate the shifting nature of the channels of th is pa r t of the 
Ganges de l ta . 
The analys is of these three figures ( i . e . , topographical 
map. Air-photo and .satel l i te image) and findings of several field 
surveys in these s tudy a reas clearly show some signif icant 
morphological character is t ics of th is par t of the de l t a . The flcod 
p la ins are affluent with the presence of the active streams which 
continuously change their courses . The annual floodings enrich 
the topography of these r iver ine p la ins viith heav\- s i l t a t i cn . 
The floodplains of the Mature delta differ from the adjoining Did 
delta in terms of elevations above the sea- leve l . Here the 
elevations of the land-surface normally range from about 6 m to 
1 m. The presence of active meandering streams with the braided 
banks and channel-beds are some of the typical charac ter i s t ics of 
the morphology of the Mature de l t a . Sand, s i l t and clay 
comprise the composition of the flcod pla in deposits of the region . 
During the field t r ips the author -observed numerous sand-ba r s or 
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F i g . 6 . 3 . 6 : Sate l l i te Imagery of a Part of Mature Ganges Delta 
V 
i 
i 
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channel-bars of va ry ing size and form along the course of the 
Arial Khan r i ve r . These ba r s mostly form as poin t -bars and 
channel-bars with tov/ heads . During high s tages of the r ivers 
of the region the bars are rapidly bui l t -up due to the effective 
spreading and the subsequent accumulation of sediments consist ing 
of poorly sorted materials ranging from sand to s i l t . As the 
discharge decreases . These ba r s become thinner by the 
'vrinnowing out ' process of finer materials leaving a 
sand-pavement typical of the bar-cover ing at lov/-stage of braided 
s t reams. The fluvial sediments composed of sand and sil t are 
also distr ibuted during flood-time as a thin veneer of sand 
mainly along the banks of the Arial Khan and other r ivers of the 
mature par t of the de l ta . 
Figure 6.3.5 shows the formation of some v/ell-defined 
na tu ra l levees along the r igh t -bank of the r iver Arial Khan and 
silt is the main com.ponent of this levee. Silt deposits are also 
occurred in the swales of the Mature del ta . Besides, fine s i l ts 
are accmulated in the in ter- levee low-lands and back-swamps he r e . 
In the back-swamps and some per iphera l depressions of the 
Mature delta clay-dominated sediments occur occasionally. 
Channel sca r s , channel f i l l s , clay p lugs , sloughs, swales, 
r idges , underfit streams, cut-offs, surpentine l akes , horse-shoe 
lakes , crevasses , point ba r s or meander bars cf var ious size and 
shape are some of the numerous morphological features that were 
identified during the field t r ip s in the Mature delta of the 
Ganges. 
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5.3.3 Morphology of the Young Delta : 
Morphological invest igat ions have be=n conducted in the 
different pa r t s of the Young delta of the Ganges system through 
the analys is of topographical maps, aer ia l photographs and 
satel l i te imageries. Besides, several field t r ips have enabled the 
author to gather information about the different morphological 
character is t ics of the a rea . Specific studies of the topographic 
charac ter is t ics of some areas of the Young delt= were made en the 
basis of the topo-sheet No. 79-5/K of the Sur'/ey of Bangladesh 
(1983), aer ia l photograph No. 7509-45 of the Survey of Bangladesh 
(1974-'75) and sate l l i te imagery No. 137/045(R i P ) ; Band-7 of the 
Landsat . These toposheet, a i r-photo and sa te l l i te imagery are 
presented in the F ig . 6 .3 .7 , F i g . 6.3.8 and F ig . 6 .3 .9- , 
respect ively. In these figures the southernnost par t s of the 
Young delta have been depicted. The areas under the srudy 
cover some portions of the d is t r ic t of Barisal (grea ter ) in 
Bangladesh and comprise some a reas of the estuarine i s lands of 
Bhola and Rabanabad. These are highly aciive par ts of the 
Ganges del ta . Both the fluvial and marine actions have been 
influencing these is lands and channels t he r e i - . The topo-sheet 
under the presentstudy covers an a r ea within Is t i tudes 21°50' N to 
20°0' N and longitudes 90°15' E to 90°22' E. This portion of the 
topo-sheet (Fig. 6.3.7) shows a small portion of. the area of the 
southern pa r t of the Bhola Is land and the -.abanabad I s l and . 
The Rabanabad channel or the Patua r i " j r divides these 
277 
F i g . 6 . 3 . 7 : Young Part of the Ganges Delta: Part of a Topographic Map 
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Fig . F-I I : Photographs of Depositional Features in the 
Ganges Delta 
a) A WGll-Dovcloped Channel-bar in a Deltaic River in 
Barisal Region of the Ganges Delta 
b) An Extensive Mud-Flat along an Estuarine Channel in the 
South-Eastern Ganges Delta 
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landmasses. The \javes of the Bay of Bengal wash the southern 
shores of the whole region. The Char Hare and the Char Bagala 
stand a fev; kilometres away from the southern limits of these 
i s lands of the Young del ta . The off-shcie sea comprises the shelf 
region of the Bay and no a rea of this shallov/ shelf is more than 
18 m deep. Morphologically the region is highly active and the 
process of erosion and dtposition have been going on vigourously 
in this l eg ion . Extensive shoals and de l t a -ba r s have been 
formed' in the coastal sea along the southern edges of these 
deltaic i s l ands . The Lalua r iver , Nilcanj r ive r , Bala ta l i r ive r , 
Dhankhali Don are the important streams of the was tem landmass 
and the Tungjb a r i Khal and Danr Chhira r iver are the pr inc ipa l 
channels of the eastern landmass in the study a r e a . Numerous 
other streams and spi l l -channels , locally known as kha l , 
cr iss-cross these i s land of the Young pa r t s of the Ganges de l ta . 
In the Rabanabad Is land streams are formed along the eastern 
coast and flow mainly towards the west and fall into the 
Rabanabad channel . In the south-eastern p a r t of the Bhola 
Island streams flow is r a d i a l in character and flovf into the 
la rger channels . The central pa r t s of these i s l ands are higher 
in elevation. However, in some areas bank- l ines of the r ivers 
have higher e levat ions . Newly accreted mud-flats can be seen 
along the southern and eastern banks of the i s l a n d s . The 
north-western bank of the Rabanabad Is land is subjected to 
erosion. 
Both the sa te l l i te imagery ( r i g . 6.3.9 ,) and ae r i a l 
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Fig . 6 .3 .8 : Aerial Photograph of a Par t of the Young Ganges Delta 
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photograph (Fig. 6.3.8) shov/ t ha t enormous s i l ta t ion is taking 
place at the es tuar ine mouths and in the off-shore sea a reas of 
the Young del ta . These images also shov/ t ha t new off-shore 
is lands and submerged shoals are being formed in the coasta l sea 
and off-shore waters of the Young del ta . Moreover, the land 
area of the deltaic pa r t s of these is lands (v i z . , Bhola and 
Rabanabad) a r e increas ing southward by the extensive process of 
del taic accret ion. 
During the field surveys i t was observed tha t the 
morphological changes in this pa r t of the Ganges delta have been 
taking place by the combined actions of some complex agencies . 
The morphogenetic factors are : t ides , upland discharge which 
generates the complex current pa t t e rn , huge supply of sediments, 
actions of waves, s a l i n i t y in t rus ion , bottom topography of the 
estuar ine channels and the off-shore shelf a reas and the water 
circulation of the Bay of Bengal along the coast of the Young 
p a r t of the Ganges de l ta . The tremendous flow of the huge 
inland flood-discharges from the catchment areas and the mighty 
actions of t ides and waves cause erosion in the coastal and 
estuarine banks of the newly accreted lands and i s l a n d s . 
Besides, the meeting of r iver water and the incoming t ida l flow 
produces a region of reduced turbulence V(here sediments are 
ea^^ily settle dov/n. The tida] flows and \ /ave-currents v/ork 
jointly to red is t r ibu te the sediments once deposited in the 
off-shore shelf-bottom over the ne^vly accreted lands of the Young 
delta and through these processes the formation of ne\; land takes 
282 
Fig. 6 .3 .9-a: Satellite Imagery of a Part of Young Ganges Delta 
L 
Source : LANDSAT/SPARRSO ( Dhaka ) . 
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place in the Young p a r t of the Ganges de l ta . 
The following distinct morphological features have been 
identified in the different pa r t s of the Young del ta during the 
field surveys.of the present s tudy . 
A. Depositional Features 
B. Erosional Features 
i) na tu ra l levees, 
i i ) back-swamps, 
i i i ) mud-flat , 
iv) del ta ic flood p l a i n s , 
v) t ida l creeks, 
vi) de l t a -ba r s & mid-channel b a r s , 
vi i) nodal points , 
vi i i ) erosional cliffs (low), 
ix) eroded bank- l ines (concave), 
x) eroded bank- l ines (broken and 
i r r e g u l a r ) . 
The n a t u r a l levees are small in number in the Young 
del ta . Due to the extreme migratory na ture of the channels and 
the active influence of the tides in the newly formed a reas and 
i s lands of the Young par t of the Ganges delta there exists l i t t l e 
scope for the formation of the n a t u r a l levees. Hov/ever, a series 
of narrow and broken levees of lower heights have been observed 
in the northern portion of the Bhola Is land of the Young de l ta . 
The levees have a general north-south derection. In some -other 
stable i s lands of this deltaic par t the process of levee-formation 
has been observed. These depositional features are better 
developed along the convex sides of the streams an i normal^/ 
a t t a in elevations rang ing from 1.5 to 2.4m above the F?/D da tum ' . 
PWD datum : approximately 1,7 m belnw h,- • 
ordinary tides (BWDB, 19S5): °-'' water of the 
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Fig. F- I I I : Coastal Depositional Features 
in the Ganges Delta 
a) A largo Channol-Bar Emerged During the 
Low-Tide at the Shahbazpur Channel of 
the SE Ganges Delta 
b) A Newly Developed Coastal I s l and 
Mouth of the Ganges-Meghna 
(Delta-Bar) near the 
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The na tu ra l levees of the Young delta have gentle slcpe from the 
bank-side to the f lood-plain. 
Extensive open flood p l a ins have been observed in the 
l a rger and s tab le is lands and mainland areas of the Young del ta . 
The Is lands of Bhola, Hatia and Ramgati a reas have some 
prominent f loodplains. Most of the flcodplains of the Young delta 
have very f lat surfaces and a r e subject to normal inundat ions in 
the monsocn. The deposition of s i l ts and clays are not evenly 
dis tr ibuted he re . The sedimentary loads of the floo-dplains are 
general ly car r ied and deposited by the flood of the Meghna 
system. The flood levels general ly range from 1.0 rr to 3 m in 
height . The northern p a r t s of the Young delta experience the 
r iver ine inundat ions while the southern pa r t s receive both the 
monsoon and t i da l floodings. The flood plains a re lower in the 
southern p a r t s of the Young delta where tides play an important 
role . The na tu ra l levees always remain below 1.0 m and are not 
much developed here . 
The back- swamps have been observed throughout the 
extensive areas of the s table l a rger is lands and the floodplains 
of the Mecana estuarine a r e a s . The back-swamps are levee-flank 
depressions and general ly they occur behind the nat ' j ra l levees 
as low-lying marshy l a n d s . They occupy a small area in the 
northern : a r t of the Bhola i s l and . Some prominent b=.ck-swa-ps 
have been observed in the Hatia (central) and Ramgati region of 
the Younc de l t a . Most of the nev;ly accreted is lands or land 
a reas however lack such depress ions . 
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Numerous t idal creeks have been observed along the 
southern pa r t s of the Bhola Island which are or ig inal ly the 
na tu ra l outlets for the t idel flood v/aters of the tide-dominated 
portions of the Young de l t a . They came into existence as a 
result of the rise and fall of the t idal levels and the resul tant 
s i l tat ion in the region. The t idal creeks are normally tortuous 
in form. These narrov/ spill-v/ays are separa ted by the 
associated t i d a l f l a t s . The stronger pulsat ing movements of the 
t ida l currents on the fore-shore areas of the Young del ta have 
produced these creens . In the southern p a r t s of the Bhola Is land 
these creeks are found as shallow channels with poor dra inage 
capaci ty . These creeks have numerous t idal d i s t r i b u t a r i e s . All 
these creeks and t ida l d is t r ibutar ies are subject to the deposition 
of poorly sorted sediments of s i l ty and clayey types . The 
sea-v/ard coastal and off-shore i s lands (v iz . , the Hatia, RamgatL, 
Sandwip e tc . ) have such t ida l creeks along the tide-dominated 
sides and coas t s . 
Mud fiats are seen in the tide-dominated a r ea s of the 
Young del ta . Normally these are formed along the lower 
shorelines or coastal flanks of the off-shore i s l ands and the 
newly formed l a n d s . The mud-flats are submerged a t high tides 
and are exposed at low t ides . Extensive mud-flats have been 
observed at the southern t ips of the Bhola I s land , Char Manpura, 
coss ta l a reas of the Hatia I s l and , Char Nizam, Nizhur. Dwip and 
some other i s l a n d s . However, these t idal features can be seen in 
a l l the newly formed off-shore is lands as well a s in the old 
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Fig. 6.3.10:Young Part of the Ganges Delta: Map of the South-Eastern 
Estuarine Islands 
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coastal tide-dominated par t s of the Young de l ta . V/avy ripples 
with si l ty clay and occasional sands are characters is t ic surface 
features of these f l a t s . 
C h a n n e l - b a r s are another important geomorphic features 
of the Young pa r t of the Ganges de l ta . These are formed along 
the course of the Ganges-Meghna lower channel , the Tentulia 
channel and Shahbazpur channel (Fig. 6 . 3 . 9 - b ) . Among these 
channel ba r s Char Sakuchig, Char Bai ragya , Char Dhal, Moulavir 
char of the Shahbazpur channel . Char Pshchim Chalitab unia , 
Agnimukher char . Char Bagala, Char Tu la ta l i , La tarchar , Char 
Kuralia, Char Kasem, Majhir char of the Tentulia channel and 
Char Gazaria , Char Medua and the Mehendiganj Is lands of the 
Meghna-Ganges mouth are important and b igger ' chars of the Young 
delta (Fig. 5.3.Jfi •) . Normally these b a r s or b ra ids (locally 
known as char) a re formed by the deposition of sands and s i l t s . 
Finer materials ( i . e . , silts and clays) a re formed over the 
coarser l a y e r s . 
Most of the channel b a r s of the Young delta a re not 
s table in n a t u r e . However, they become more stable by sufficient 
s i l ta t ion and growth of vegetat ion. If stabil ized once, the 
channel ba r s continue to grow bigger and a t ta in seme height . 
Some of the channel bars of the Young delta are several decades 
old (v iz . , the Mehendiganj i s l ands . Char Medua and Char 
Gajaria) . Except a few, most of the channel bars cf the Young 
delta get submerged during the floods. The major deposition in 
these channel ba r s occurs during the high-water s tages of the 
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channels . These bars generally migrate l a t e r a l l y . Channel -bars 
normally possess steeper concave sides and gentle convex s ides . 
Various micro-geomorphic features l ike smaller dunes, r ipples and 
r i l l s have been observed in the c h a n n e l - b a r s of the Young delta 
(Fig. F-I I ) . Most of the c h a n n e l - b a r s are prone tc erosion and 
subject to the subsequent deposition. 
D e l t a - b a r s are the other most important depositional 
features of the Ypung par t of the Ganges de l t a . Generally these 
a re seen around the mouth of the Ganges-Meghna system. These 
b a r s first occur as the shoals at the es tuar ine ccasta l a r e a s . 
Gradually these shoals develop to form the d e l t a - b a r s . These are 
mainly formed from the finer deposits car r ied by the deltaic 
s t reams. However, the t ida l sediments axe also added to the 
formation of these deltaic b a r s . The bars are extreirely flat in 
topography. Numerous such deltaic b a r s appear at the mouths cf 
the Meghna-Ganges ( i . e . , ends of the Tentulia channel and the 
Shahbazpur channel) system. Among these t a r s Char Hare, Char 
P ra sanna , Sonar char . Char Nalua, Char Manika, Char Momtaz, 
Char Laksmi, Char Sandhani , Char Pa t i l a , Char Hakim, Char 
Kukri-Mukrj and Urir char are worth mentioning. These 
de l t a -bars are influenced by both the f luvial as well as the 
marine act ions. Gradually these b a r s grow in size and joi -
together and form the sea-ward extinsion of the deltaic mainland. 
Thus the process of deltaic progression tovirards the sea goes on. 
Formation of de l t a -bars at the mouths of the del ta ic channels is 
a character is t ic phenomenon of the Young de l ta . The processes c: 
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sediment t ranspor ta t ion , s i l ta t ion of sediments and accretion and 
the erosion of the accreted lands are very common in these 
formations. Most of the l a rge r de l t a -ba r s of the Young pa r t of 
the Ganges delta here developed as elongated formations and are 
a r ranged in a general north nor th-eas t to south south-west 
direction. Most of the de l t a -ba r s observed have been found with 
concave bends along their western sides (v i z . , Manpura, Char 
Satten, Char Kuralia and Sakachia char) . The shape of these 
bars are normally 'crescent ' or ' o v a l ' . Sufficient flow of 
overland water, huge supply of sediments, relief of the 
sea-bottom at the shelf region ( i . e . , a shallow and considerably 
flat sea-bottom is favourable for such formations), configuration 
of the coast l ines, stronger actions of t ida l and wave-current 
flows, farmation of coastal vegetation coverage and the actions of 
storm-surges are some of the factors which influence the formation 
of such del ta -bars at the mouths of the deltaic channels . 
6.3.4 Morphology of the Tidal Delta : 
For the purpose of morphologica] s tudies of the Tidal 
pa r t of the Ganges delta comprehensive surveys and field 
invest igat ions have been conducted by the author in the different 
par t s of the Tidal delta during the post-monsoon period of 1990 
and pre-nonsoon period of 1991. For the purpose of the present 
study sor.e del ta ic a reas of the t idal par ts of the Sundarbans 
forests and the Talpat t i Is land of Bangladesh (under Satkhira 
dis tr ict of the greater Khulna region) were thoroughly surveyed. 
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F i g . 6 . 3 . 1 1 : Tidal Part of the Ganges Delta: 
Topographic Map 
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The invest igat ions of the surveys v/ere compaed with the 
topographic sheets (maps) of the Survey of India and the Survey 
of Bangladesh, aer ia l photographs and sa te l l i te imageries 
(Landsat) . 
The south-vfestern t ida l t rac ts of the Sundarb ans 
(Bangladesh por t ion) , the famous mangrove forests of the Ganges 
del ta , have selected for intensive s tudy . However, emphasis was 
given to the Talpa t t i I s land at the mouth of the Hariab hanga 
along the Indo-Bangladesh border region of the southern del ta . 
The F ig . 6.3.11- represents the t ida l t r ac t s of the coastal 
sundar^ ans s tretching from west of the r iver Hariabhanga (West 
Bengal) , which delimit the poli t ical boundary of India and 
Bangladesh, to the Marjhata r iver in the east . The area under 
s tudy is confined within 89°0' E longitude to 89°30' E longitude 
and 21°30' N la t i tude to 22°0' N l a t i t ude . This map of the t idal 
pa r t of the Ganges delta has been plotted from the topographic 
sheet of the Survey of Bangladesh (1983) on 1:253,440 scale under 
sheet No. 7S G of Khulna region (revised edi t ion) . The i s l and of 
Talpat t i is located a t the western portion of this region between 
the r iver Har iabhanga on the west and r iver Raimangal on the 
east (Fig . 6 .3 .11) . 
Beside the tcpo-sheets, half has been taken from the 
sa te l l i te imageries of the Landsat prepared by the SPARRSO 
(NASA collaboration) with MSS Band-7; No. 138/045 R & P, dated 
Feb. 1977 (Fig. 2.2) and the sa te l l i te imagery of the Landsat-4 , 
MSS Band-7; 139/043 R & P, dated Feb. 1977 (Fig. 5.3.12) . 
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F i g . 6 .3 .12 : Satel l i te Imagery of the Tidal Part of the Ganges 
Delta and the Distribution of Sediments in the 
Coastal Shelf-region of the Bay of Bengal 
, -^yi-
Source : LANDSAT/SPARRSO ( Dhaka ) 
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Figure 5.3.12 shows the extent of the Tidal delta and 
the Sundarbans forest in the south-western pa r t of the present 
study a rea . This sa te l l i te photo clearly shows the trend and 
intensity of sedimentation in the coastal a rea of the de l ta . 
F ig . 6.3.It represents some typical t i da l land-surface 
of the coastal par t of the Ganges del ta . This map covers a 
densely forested portion of the Sundarbans along with i t s shallow 
off-shore sea at the south. These extremely f la t t rac ts of the 
Tidal delta with a network of es tuar ine channels and creeks 
exhibit high density of sp i l l -channe ls , inlets and k h a l s . Several 
huge es tuar ine channels , namely the Har iabhanga , Raimangal, 
Malancha, Barapanga and Marjhata respect ively, from west to 
eas t , separate the different t ida l t r ac t s frota each other by 
flovdng through tortuous courses in a north-south direction and 
finally debauch into the Bay of Bengal. The coastl ine of this 
par t of the Tidal del ta is highly broken and the off-shore shelf 
area is dotted with numerous shoals and ne\.ly formed is lands 
(v i z . , the South-Talpatt i or New-Moore at the mouth of the 
Har iabhanga) . The coastline here always changes due to 
continuous erosion and deposition. The whole of the mapped land 
surface is cr iss-crossed by the numerous interconnected channels 
and t i da l c reeks . These es tuar ine channels and creeks carry the 
discharge from the parent r iver as v/ell as f ro- thei r catchment 
area ( i . e . , both the surface-flow from the ra in-water and the 
underground s torage) , but their regime and morphology are 
2 95 
mainly determined by the dai ly t ida l flows. The seasonal and 
d iurnal ( t idal) f luctuations of sea-level have significant influence 
on the morphological character is t ics and form of this pa r t of the 
de l ta . In th is t ida l pa r t of the Ganges delta almost a l l the 
t r ac t s of the land-surface are v i r tual ly divided into many smaller 
i s lands by the connecting network of creeks and es tuar ine 
channels which become considerably deep and wide during 
high- t ide everyday. Considerable land-surface is submerged 
during the h igh- t ide period and the subsequent recession of the 
t ida l water leaves a huge quant i ty of deposits comprising silt 
and clay over these t r ac t s of l and . Extensive formation of shoals 
and par t i a l ly submerged i s lands (de l ta -bars) can be seen a t the 
mouths of the r ivers Haribhanqa-Raimangal in the west and at 
the mouths of r ivers Malancha-Barapanga and Marjhata in the 
eas t . The formation of the shoals inbetween the flows of the 
r iver Hariabhanga and Raimangal in a north-south direction 
indicates that perhaps in the near-future , the I s land of 
South-Talpatti may be merged with the mainland of the Talpat t i 
of Bangladesh to the nor th . Two noticeable shoal formations can 
also be seen at the east and south-east of the Putney I s l and . 
Except the sheltered bends , almost a l l the concave banks of these 
deltaic t rac t s of Sundarbans are vulnerable to erosion. However, 
accretion of land with the deposition of s i l t s , c lays and 
occasional sands are observed along the sea-vrard extension of the 
i s l ands . Besides, deposition of sediments are also taking place 
in seme of the older and shallower creeks. The t ida l scouring 
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and continuous deposit ional actions have led to the formation of 
such a vast yet complex network of creeks and sp i l l -channels in 
this t ida l p a r t of the de l ta . Except some newly formed i s lands 
or recently accreted t i da l t rac t s (v i z . , mud-flats or t ida l - f la t s ) 
and southernmost beaches, the whole of the land surface of this 
pa r t of the Sundarbans of the Tidal delta is covered with the 
dense mangrove forest . Among the var ious morphological features 
of th is par t of the Tidal delta mangrove swamps, t i da l - f l a t s , 
extensive mud-f lats , coastal marshes and numerous t ida l inlets 
and creeks are the dominant morphological fea tures . These have 
been developed mainly in the coastal a reas of the region to the 
south. Some s t re tches of narrow beaches accompanied with 
occasional sand dunes or ridges and marine te r races also occur 
along the southern coast of some of the i s l ands . 
Figure 6.3.11 represents the tide-dominated i s land of 
Talpat t i of the Sundarbans region s i tuated at the border a rea of 
the del taic p a r t s of West Bengal ( India) and Bangladesh. The 
is land extends from 21°42' N to 21°56' N lat i tude and 89°2' E to 
89°10' E longi tude. The is land Talpa t t i is an elongated l and . 
The is land is about 27 km long and on an ave rage 5 km wide. 
The northern portion of the is land is narrower while the southern 
portion is b roade r . The huge coasta l es tuar ies of the r iver 
Haribhanqa and Raimangal flow along the west and east of the 
is land respect ively. The is land Talpat t i is fragmented by 
several t ida l creeks and i n l e t s . These creeks form a network of 
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channels in the i s l and . The enormous channels of the 
Hariabhanqa river to the west and the Raimangal river to the east 
great ly influence the morphological processes of sedinentat ion and 
erosion in the i s land v/hile the marine and ra the r vfeak aeolicn 
processes have been found active along the southern pa r t of the 
i s l a n d . The Talpat t i is a tide-dominated i s land where the range 
of t ide var ies from 3.5 to 5 m. The surface of the i s l and is 
extremely flat and the everage elevation is about 2.5 m from the 
mean sea- leve l . The is land is almost completely clad with dense 
mangrove forest . However, during the recent field surveys i t has 
been observed tha t some subs tan t ia l patches of lands have been 
reclaimed. Simultaneously, the increas ing human interference and 
subsequent deforestation have led to erosional process in some 
pa r t s of the i s land (v iz . , northern concave bank in the west and 
central and northern concave bends in the e a s t ) . Of course, the 
southern half of the is land is being enlarged gradual ly with the 
continuous deposition of the fluvio-marine sediments of the t ida l 
act ions. In th is wider portion of Talpat t i extensive formation of 
coastal marshes, t ida l - f l a t s , mangrove swamps, mud-flats and 
some other coastal geomorphic features can be seen. In the 
off-shore water of the southern es tuar ine mouth, only a couple of 
Kilometres away from the coast of Talpat t i I s l and , vast formation 
of sandy shoals can be marked during the low-tides. Some 
patches of sand-dunes , marine ter races and narrow t idal inlets 
are also developed in the southern and south-western par ts of the 
i s l and . 
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During the field surveys in the Talpat t i Is land and the 
other pa r t s of the Tidal delta var ious norphological features have 
been identif ied. These features or landforms have been developed 
by the actions of three prominent geomorphic agents act ive in 
this p a r t of the Ganges de l ta . These are , the tides of the fluvio-
marine origin, the waves of the marine and storm-surge re la ted 
act ions and the wind actions ( i . e . , aeolian process) . Besides, 
the fluvial process of the numerous large and small r ivers and 
creeks of the t ida l a r ea s of the de l ta p lay an important role in 
the land forming act ivi t ies in the reg ion . 
Geomorp_hi^ E.^^^^^^£? j"_*^l l '^_ '^ i^^ R'^l^ '• ^" ^^^ Tidal 
p a r t of the Ganges del ta two high- t ides and two low-tides occur 
dai ly at about s ix-hourly in terva ls and the height of the t ides , 
which range from 1 m to over 5 m in different p a r t s of the Tidal 
de l ta , controls the s i l ta t ion in the creeks and inlets of the 
region. In the post-monsoon period when the discharge in the 
deltaic channels decreases considerably the process of tho 
depostion of muds and s i l t s increases noticeably in the Tidal 
de l ta . 
The process of wave and current actions in the t ida l 
pa r t of the Ganges delta is effective only along the coastal be l t . 
However, these processes exert very neagre influence on the 
sculptur ing of the del taic landforrr.. The marine current 
subs tant ia l ly works to remove the sedimer.iary loads brought-down 
by the deltaic channels from the off-shore shelf of the Bay to the 
remote deeper pa r t of the sea . Besides, some severe marine 
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waves of the monsoon period effectively erode some sea-ward 
portions of the t idal i s lands and deltaic l a n d s . Normally the 
sea-waves of the Tidal delta coast are not that much destruct ive. 
The cyclonic surges with the spr ing- t ide waves of greater 
magnitudes however exert heavy destructive influence in the 
coastal lands which sometimes erode ' huge newly accreted lands 
and i s l ands . These cyclonic surges sometimes create marine 
v/aves of 3 m to 5 m heights along the coast of the Tidal del ta . 
The number, height and speed of the normal waves in the t idal 
coast of the Ganges del ta is grea ter during the south-west 
monsoon period ( i . e . . May, June, July and August) . At that 
period the wave-height r ises upto 2.0 m and thei r speed ranges 
between 10 to 30 km/h. Due to the actions of such normal marine 
waves a fevr wave-cut terraces and wave-scourings are formed in 
some elevated par t s of the coastal areas (v iz . , the coastal areas 
of the Dublar char and Putney Is land in Bangladesh and the 
Sagar Is land, Jambu Duip and Lothin Is land in West Bengal 
( India) . 
The process of wind or the aeolian action is very 
insignificant in the t idal pa r t of the Ganges de l ta . Due to the 
lack of the supply of dry sedimentary part ic les and the presence 
of sufficien; vegetat ional coverage in the region there exists l i t t le 
scope for the formation of affluent aeolian features in the Tidal 
del ta . Hovrever, some poorly developed s a n d - d u n e s and ridges 
300 
can be observed in the beaches of some coastal i s lands (v i z . , the 
Sagar I . , Lothian I . , Jamb u I . , Talpat t i I . , Putney I . , 
Fraserqanj-Bakkhal i I . , and some other i s l ands of the Sundarbans 
reg ion) . Paul (1988) has observed that these are the products of 
marine deposition on the t idal coast in vrhich both the wind and 
t ida l processes have been p lay ing dominant ro le . According to 
his obseri/ations, these coastal dunes and r idges have been 
deformed by the south-west and nor th-eas t monsoon winds. 
C H A P T E R - VII 
GEOMORPHIC PROCESSES IN THE GANGES DELTA 
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7.1 MORPHOLOGICAL FORCES IN THE GANGES DELTA : 
The Ganges de l t a is a r e s u l t e n c of some complex and 
combined a c t i o n s of v a r i o u s mophogenic f ac to r s and p r o c e s s e s 
i n c l u d i n g the f l u v i a l , mar ine a n d a e c l i a n v a r i a b l e s . The 
t ec ton ic forces and the i n f luence of human i n t e r f e r e n c e h a v e 
p l a y e d a s i g n i f i c a n t ro le i n t h e d e l t a - b u i l d i n g a c t i v i i i e s in the 
r e g i o n . Among the mar ine a g e n c i e s the t i d e s , w a v e s and c o a s t a l 
s e a - c u r r e n t s h a v e p l a y e d dominant ro le i n t h e c o a s t a l d e l t a i c 
format ion whi le the f l u v i a l a c t i o n s of t h e d e l t a i c c h a n n e l s 
dominate the whole morpholog ica l funct ion i n the i n l a n d a r e a s of 
the d e l t a . The major c h a n n e l s of the d e l t a a n d t h e i r numerous 
d i s t r i b u t a r i e s a n d s p i l l - c h a n n e l s work a s t h e dominan t a g e n t s of 
the t r a n s p o r t a t i o n of the s i l t s and sed iments for the d e l t a i c 
b u i l d - u p a s wel l as they act a s the p r i n c i p a l f ac to r s of the 
e r o s i o n a l and depos i t i ona l p r o c e s s e s , which h a v e con t i nuous ly 
been s h a p i n g a n d r e s h a p i n g the Ganges d e l t a , no t on ly i n the 
u p p e r po r t i on of the d e l t a t u t also a l o n e i t s c o a s t a l and 
off-shore a r e a s . The s eve re cyc lonic s u r g e s o c c a s i o n a l l y 
in f luence the morphology of the c o a s t a l f r i nges of the Ganges 
d e l t a . Among the o ther fac tors t h a t effect t h e morpholog ica l 
p roces ses of t h e d e l t a a re s a l i n i t y i n c u r s i o n , the Green House 
Effect a n d the bottom t o p o g r a p h y of the c o a s t a l s e a - s h e l f of the 
Bay of B e n g a l . The i n c u r s i o n of s a l i n i t y ar.d the Green House 
Effect a r e r e l a t e d to the human in t e r f e r ence in the d e l t a i r 
ecosystem which d i r e c t l y in f luence the mc-rphology of t h e l a n d 
t h e r e i n . The process of the s u b s i d e n c e o: the d e l t a i c l a n d and 
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the tectonic upliftments along the western and eastern fringes of 
the delta have considerably been influencing the growth and 
formation of the Ganges de l ta . 
V/ith regard to the origin of the factors that influence 
the delta system, Pramanik (1983) has observed that these are 
bas ical ly the outcome of the character is t ics of the d ra inage and 
receiving bas ins both of which are effected by climate, tectonics, 
subsidence and the topography of the dra inage regime. The same 
opinion has been expressed by Reading (1980) who states that the 
interact ion between the sediment laden f luvial vraters and 
geomorphic and hydrological processes in the bas ins character ise 
the delta regime which dictates d ispersa l and eventual deposition 
of sediment in the del taic region. Both the authors have 
included water sa l in i ty , shape and size of the bas in , bathymetry 
of the sea and coastal zone and fluctuations of sea- level within 
the scope of the charac ter is t ics of the receiving b a s i n . 
7.1.1 The Inland Flow : 
Of the various morphogenic agencies the r ivers are the 
most dominant factor which influcence the del taic morphology and 
cause the g radua l change and evolution in the Ganges del ta . 
The fluvial discharge through the deltaic r ivers and es tuar ies in 
the region is of the ra te of about 35,000 m /sec (LRP, 1935). 
This figure represents the combined flow of the three great river 
systems of the region, namely, the Ganges, Brahm.aputra and 
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Meghna. Hov/ever, the share of the Ganges alone comprises 
almost half of the total discharge of these three r iver systems 
(Abbas, 1964-a). Akhand (1988) is of the opinion tha t the peak 
discharge of these r ivers is almost 4 times the average discharge 
of August-September period and the lean-discharge (November -
April) about one-quar ter of the total annua l a v e r a g e . These 
mighty streams and thei r numerous d i s t r ibu ta r i e s , especial ly the 
channel net-work of the Ganges in the del ta ic region, actively 
promote the processes of t ranspor ta t ion , erosion and sedimentation 
which ult imately contribute to the formation of the de l ta . 
Pramanik (1983) has estimated tha t the average sediment supply 
of these r ivers is about 2.4 billion tons . As per the 
t ranspor ta t ion _ of sediments, the share of the Ganges and the 
Brahmaputra is almost equal ( i . e . , annual average sediment 
concentration of 1,300 mg/1 and 1,000 mg/1, respect ively) while 
the share of the Meghna system is about one-tenth of the total of 
these two (LRP, 1985). 
7.1.2 Tidal Actions : 
Next to the work of the r ivers t ides influence the 
formation of the Ganges delta most effectively. Although the 
influence of t ides is felt predominantly along the coastal and 
estuarine belt of the deltaic region, the effect of tides v/ork deep 
into the inner portions of the land through the estuaries and 
t ida l creeks of the delta and play significant role in the 
t ransporta t ion and redis t r ibut ion of sediments and other 
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finer par t ic les that are brought by the fluvial processes. Tides 
also influence the erosional and depositional processes in the 
coastal and estuar ine areas of the de l ta . 
Tides in the coastal region of the Ganges del ta enter 
from the Indian Ocean through the two marine canyons of the Bay 
of Bengal, the Swatch of No Ground and the Burma Trench, and 
the whole s t re tch of "the del taic coast is washed almost 
simultaneously by these t ides . The tides in the deltaic coast and 
inland es tuar ies of the delta are of semi-diurnal nature and the 
range of the t ides exhibits a s l ight ly var ied pic ture (Table 7 .1 ) . 
Hena (1980) and Jabbar (1978) have shown that the t ida l range 
along the westen to eastern coast of the Ganges delta ( i .e . , f rom 
Hoogli mouth and Sagar I s land to Meghna mouth and Sandwip 
Is land) is high and then decreases gradual ly towards south-eas t . 
Table 7.1 shows that both the Spring and Mean 
Harmonic Ranges of tides in the mouths of the Hoogli (Sagar 
Is land) and the Meghna (Sandwip I s l a n d ) a r e highest in the Bay 
of Bengal. These stronger t ida l r i ses are due to the shallowness 
and 'funnel effect' of the re la ted sea-shelf and the es tuar ies of 
the respective r i ve r s . The ranges of the t idal r ise g radua l ly 
decreases towards the south with the increase in the depth of the 
sea and the scarci ty of the influx of inland discharges of r i ve r -
watsr to the dis tant part of the off-shore waters of the Bay. 
It has been observed tha t the funnelling effect of the 
deltaic r ivers ( i . e . , Pussur-Bhairab and Baleswar-Kocha) 
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originates stronger t idal r ises in the northern a r e a s of Khulna 
and Kaukhali reg ion . Except these tvfo r ivers the t idal r ise in 
Khulna and Barisal region is comparatively lower ( i . e . , mean of 
2.0 to 1.5 m) . But the range increases considerably tovfards the 
east of the Shahbazpur channel and a t t a in s the highest rise 
along the Meghna mouth near Hatia Channel and Sandwip Is land 
( i . e . , mean of 2.8 to 3.5 metres) . 
TABLE 7.1 
Mean Harmonic Ranges of Tides in the Bay of 
Bengal and the Coast of the Ganges D^slta 
Tidal Ranges in Metre 
Station 
Spring Tide Neap Tide Mean Tide 
Sagar Is land (Hoogli Mouth) 4.88 
Hiron Point (Sundarbans) 2.41 
Sandwip Is land (Meghna Mouth) 5.03 
Chittagong Coast (SE) 3.51 
Cox's Bazar Coast (SE) 3.05 
Paradip (Mahanadi Mouth) 2.13 
Visakapatnam (South) 1.83 
Madras (South) 1.22 
1.83 
1.01 
2.31 
2.07 
1.22 
1.22 
1.07 
0.61 
3.36 
1.71 
3.67 
2.79 
2.14 
1.68 
1.45 
0.92 
Source : Hena (1980) and Jabbar (1978). 
The total volume of the t idal prisms' measured at the 
mouths of some of the deltaic channels (es tuar ies) indicates that 
The sums of the ebb and flood-volumes at spr ing tide with 
lov,- upland discharge is called the t idal prism. 
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the estuarine channels of the south-eastern p a r t of the delta 
experience much t i da l effect than tha t of the western pa r t s 
( Table 7.2 ) . 
TABLE 7.2 
Tidal Prisms for Tided Channels of the Ganges Delta 
Location Volune (in million m ) 
Entrance of Pussur River 2,200 
Entrance of Har inghata River 1,400 
Entrance of Tentulia River 1,400 
Entrance of Shahbazpur River 5,500 
Entrance of Hatia Channel 12,200 
Entrance of Sandwip Channel 6,400 
Source : Jabbar (1970) . 
The marked higher prismatic volumes of the t idal 
water in the es tuar ine channels of the Ganges-Mechna mouth 
( i . e . , entrances of the l a s t three channels of the Table 7.2) a re 
due to the ex t ra -o rd ina ry size of the channels along the coast 
which v i r tua l ly work as storage reservoirs for the combined 
waters of the inland flood and the t idal inf luxes . Beside these 
t idal prisms at the entrances of the del taic es tua r ies , the back 
water effects of t ide on the flow of the inland waters a re felt 
even upto Chandpur port on the Meghna and Bardia on the 
Bhairab-Nabaganga during the maximum r i s e s . These back water 
effects of the t ida l influxes cause a pond-like s i tuat ion along the 
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estuarine areas of the delta and dis turb the quick flov/ of the 
flood water into the Bay of Bengal which v i r tua l ly helps the 
accumulation of the loads and subsequent sedimentation in the 
coastal a rea or the off-shore shallow seas of the northern Bay of 
Bengal. 
Although the t i da l waves reach the whole s tretch of 
the coast of the Ganges delta almost simultaneously, yet the 
south-eastern p a r t of the del ta-coast experiences the t ida l effect 
ea r l i e r and of higher magnitudes than that of the western pa r t of 
the del taic coast. The extensive shallow shelf in front of the 
delta causes some distortion of the northerly t i da l waves of the 
Bay of Bengal. Through the deeper Burma Trench, which ac ts as 
a t idal inlet , the t i da l wave t r ave l s faster along the eastern coast 
compared to the western while numerous shoals and i s lands 
impede i t s movement. The t ida l wave faces fr ict ional res i s tance 
which resul ts in a phase- lag between the eastern and western 
coast of the de l ta . Due to th is phase- lag and difference in t ida l 
range , an east-west current is developed during the r is ing t ide 
(CARDMA - I I , 1989) which also influence the redis t r ibut ion and 
t ranspor ta t ion of the acramulated sediments along the coastal belt 
of the de l ta . 
From the foregoing discussion i t will thus be seen 
that the action of t ides in the coastal areas of the Ganges delta 
is significant and contributes considerably to the formation of the 
de l ta . The strong and fast-flowing t idal currents keep thG 
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estuar ine creeks and channels clean and help to maintain their 
smooth flov/ to the sea . I t has been observed that the 
convergence of the inland flow ( i . e . , discharges of the r ivers) 
and the t ida l influx induces a zone of reduced turbulence along 
the coastal stretch of the del ta v/here the process of sedimentation 
takes place owing to the re la t ive ly calm estuar ine sea . Besides, 
the extensive t idal inundations and strong currents of the tides 
along the flat deltaic t r a c t s , especially in the coastal 
flood-plains and the off-shore shallow sea-bottom, red is t r ibu te the 
sediments in i t ia l ly brought down by the d is t r ibutar ies of tha 
Ganges-Meghna system evenly on the coastal floodplains and 
elevate the surface level of the del taic l a n d . In this way tides 
help in the formation of del taic l and and keep active i t s streams 
and channels to a great extent . 
7.1.3 Circulation of the Sea-Water and the Coastal Currents : 
The prevai l ing oceanic c i rcula t ions of the sea and the 
local coastal currents of the Bay of Bengal great ly influence the 
del ta-bui ld ing processes in the northern shelf region of the Bay. 
In the Bay of Bengal two dis t inct sea-currents regu la r ly flov/ 
along the coasts of India , Burma and Bangladesh depending 
mainly on the seasonal circulat ion of the monsoon winds (Fig . 7 . 1 ) . 
The current which t rave l s in the Bay from the south-west to 
north north-east along the coast of India (v iz . , Madras and 
Orissa coast) moves towards the shelf region of the Ganges del ta , 
ult imately proceeds further east and then turns towards 
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7 . 1 : Surface Circulations in the Bay of Bengal 
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south-east and gradual ly becomes a v/eak current . This marine 
circulat ion is known as the 'Corromondal c u r r e n t ' , while the 
other marine current of the Bay of Bengal t ravels along the 
Burma coast and moves from the south south-east to a north 
north-v/est direction along the south-eastern shelf region of the 
de l ta . This current ultimately proceeds in a westerly direction 
towards the eastern coast of Ind ia and faces the fate of i t s 
western counterpar t . This eas te rn marine circulation of the Bay 
of Bengal is known as the 'Burma c u r r e n t ' . This current is also 
influenced by the monsoon wind. Hena (1980) observes that the 
circulat ion of the Bay of Bengal shows a counter clockwise flovf 
pa t tern dur ing the months of August to December and undergoes a 
complete reversa l during the period January to July when the 
circulatiion follows a clcckw-ise flow. Hena's (1980) observation 
on the c i rculat ion pattern of the Bay of Bengal finds causal 
re la t ionship with the seasonal r eve r sa l of the monsoon winds in 
this p a r t of Asia. 
Other than these r egu la r horizontal surface flows, the 
northern pa r t of the Bay of Bengal has two ver t ical circulations 
v/hich become evident from the or ientat ion of the isotherms, 
isohalines and isopycnals of the water of this pa r t of the Bay 
(Das, 1981). These vertical c i rcula t ions originate due to the 
processes of sinking or dov/nwelling and the upvrelling of the 
sea-water which cause a state of displacement of watermasses and 
• the resu l tan t vertical movement of sea-water (Fig. 7.2) . 
Noticeable vert ical movements of watermasses have been observed 
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F i g . 7 . 2 : V e r t i c a l C i r c u l a t i o n s a n d Water Movements i n t h e Bay of Benga l 
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in the north-western Bay of Bengal along the eastern coast of 
India where the upwelling occurs during the pre-monsoon months 
( i . e . , March to May) and the r eve r sa l during the post-monsoon 
months ( i . e . , September to November). Das (1981) mentions the 
presence of another small site of such v=rtirca'l c i rculat ion in the 
northern Andaman Sea where the sub-surface sea water rises 
during the post-monsoon months. These ver t ica l c i rcula t ions play 
significant role in the mixing-up and removal of jthe sediments of 
the sea-bottom and the r iver-borne detr i tus in the different par ts 
of the sea. Besides, such movements of the sea water greatly 
influence the surface flow of the sea . Thus, it will be seen that 
these marine c i rcula t ions have effects on the coastal as well as 
on the deltaic environment of the Bay of Bengal. 
La Fond (1968) has identified another type of water 
circulat ion in the Bay of Bengal which is generated by the 
in te rna l waves. These sub-surface waves occur due to the 
ver t ica l difference in density of water a t different depths . These 
sub-surface wave-circulat ions of the Bay of Bengal also 
considerably influence the mixing and t ranspor ta t ion of sediments 
of the various p a r t s of the Bay and actively work in both the 
ver t ica l and horizontal displacement of watermasses there in . 
Thus, in the course of the foregoing discussion, it 
will be seen that the water of the Bay of Bengal i s in a s ta te of 
ceaseless :novement through the processes of seasonal surface 
c i rcula t ions , sub-surface wave-curculat ions, ver t ical watermass 
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displacement and he coastal c i rcula t ions of water due to the 
t ida l effects. Islam (1978) and Rob (1989-a) are of the opinion 
that due to the actions of these marine c i rculat ions and 
long-shore currents the process of deltaic progression is being 
thwarted while Pramanik (1983) speculated tha t the sediments 
deposited to increase the del taic extent have been removed by the 
currents through the Swatch of No Ground into the deep sea areas 
of the Indian Ocean. 
7.1.4 Marine Waves and Cyclonic Surges : 
Waves are generated by the action of v/ir.ds on the 
surface of the sea-water . However, the velocity, magnitude and 
frequency of occurrence of the waves depend upon the many other 
physical factors of their place of occurrence. The waves p lay an 
important role in the erosional process along the coastal a r eas of 
the Ganges de l ta . This erosional action of the sea-waves gains 
momentum during the monsoon period. In the wet-monsoon ( i . e . , 
June to September) the water of the nor thern Bay of Bengal 
becomes unstable and violent. The LRP Report (1985) records a 
maximum of 1.4 m amplitude of wave at the mouth of the Tentulia 
Channel and of 1.6 m at the entrance of the Shahbazpur Channel, 
both are at the northern apex of the Bay. Akhand (1988) 
observes that the waves of the northern Bay of Bengal generate 
an orbi tal velocity v/hich superimposes on the normal volocity, 
stimulates erosional processes and prevents depcsition of 
sediments. He further observes that the violent wave-at tacks of 
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the wet-monsoon at the south-eastern coast of the Ganges delta 
are considerably checked by the huge onrush of the fresh water 
discharge of the deltaic r ivers and d i s t r ibu ta r ies fron the north. 
I t has been observed that the south-west monsoon winds drive the 
v/aves of the northern Bay of Bengal towards north-west of the 
northern Bay and as a resul t there is maximum at tack of the 
waves and the resul tant erosion of land takes place mostly on the 
south-eastern edges of the deltaic is lands and the es tuar ine 
mainland a r e a s . Along the coastal a r ea s of the Ganges delta 
severe marine wave-at tacks can be observed on the southern and 
south-eastern sides of the Bhola I s l and , Hatia Is land and 
Manpura I s l and ; southern edges of Sandwlp Is land and Ramgati 
region of the south-eastern de l ta . Wave action is comparatively 
mild along the Sundarbans coas t . However, the a t tack of waves 
can be observed on the southern and south-western edges of the 
i s lands l ike , the Sagar, Lothian, South Ta lpa t t i , Putney and 
Dublarchar. The Jambudwip, Fraserganj I s land and some other 
newly-formed off-shore i s l ands of the Sundarbans region also 
experience mild to strong wave actions and suffer from the 
resul tant erosion. During the winter (November to February) the 
Bay water turns calmer and the amplitudes of the waves reduce 
to the minimum heights . During this time erosional activit ies of 
ihe waves stop almost completely and the deposition in the 
coastal areas gains upperhand. 
The Tropical Cyclones of the Bay of Bengal also 
induce marine surges and violent waves of enormous magnitudes 
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in the coastal belt of the Ganges delta which sometimes cause 
extensive damage to life and property and b r i n g about some 
marked morphological changes in the coastal region of the del ta . 
The heights of cyclonic waves or surges range from 3 to 10 m 
depending upon the magnitude of the cyclonic force. However, 
the normal height of the waves of a less severe cyclone ranges 
from 3 to 5 m in the region. The cyclones of the Bay of Bengal 
normally occur in the south-east portion of the Bay, move in a 
northerly or north-westerly direction and sometimes turn 
nor th-eas ter ly to the coast of Ind ia , Bangladesh or Burma 
(Fig. 2.10). Cyclonic surges often breach the coastal 
embankments, remove the accumulated coas ta l features and 
sometimes influence the estuarine creeks and channels to shift 
their courses. Extensive coastal erosions are associated with 
some of the severe cyclone of the northern Bay of Bengal (v iz . , 
tha t of 1970 and 1985 which eroded substant ia l p a r t s of l ands of 
the Bhola I s land and Urirchar respectiveljO . However, the 
re t rea t ing flow of the cyclonic surges sometimes accelerate the 
process of sedimentation in the coastal region. The formation of 
the South-Talpatti (New-Moore) I s land at the mouth of the river 
Hariabhanga is an example of such type of depositional work of 
the cyclonic surges which occurred during the devasta t ing 
cyclone of 1970 (November 12) . 
7.1.5 Salinity of the Coastal Sea Water of the Ganges Delta : 
The var ia t ion and changes in sa l in i ty of the coastal 
and estuarine waters great ly influence the de l ta -bui ld ing 
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processes. The set t l ing of silts and other fine part ic les is 
considerably influenced by the sa l in i ty of the coastal and 
es tuar ine v/aters. The higher amount of sa l in i ty in the coastal 
v/ater accelerates the accumulation of c lay , s i l t and other 
fine-grained sediments by increasing the process of sett l ing the 
sediments. Besides, sa l in i ty var ia t ion in the different zones and 
levels (v iz . , horizontal and vi r t ica l ) of sea-water induces some 
local displacements of water and the subsequent flow and 
circulat ion in the region . Such water movements also influence 
the del ta-bui ld ing processes to a great extent . According to the 
measurement of Das (1976) the average s a l i n i t y of the Bay of 
Bengal is about 34%o which undergoes considerable changes with 
var ia t ion is season and depths ( i . e . , v i r t i c a l ) . The sal ini ty of 
the waters of the sea and estuaries along the coast of the Ganges 
delta increases with the increase in the dis tance from the coastal 
belt to the deep sea to the south. Besides, the coas ta l water of 
the delteiic region experiences change in sa l in i ty with the changes 
in the season. For example, the sa l in i ty level in the mouth of 
the Ganges-Meghna in the dry season (November to March) is 
calculated at the r a t e of about 1 to 4 ppt , while during the 
wet-season (June to September) the sa l in i ty level in the same 
region drops to a range between 0 to 0.5 p p t . On the other hand 
the level of sa l in i ty of coastal waters along the western coast of 
the delta is comparatively higher . The ave rage sa l in i ty in the 
mouths of Hoogli and Matla r ivers varies between 2 to 12 ppt 
v/hich fluctuates considerably with seasonali ty and the discharges 
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of upland r i v e r s . 
The impact of the saline v/^ater from the Bay of Bengal 
and the fresh discharges from inland creates tv/o local 
circulat ions which flow horizontally in two reverse direct ions 
along the coast of the de l ta . These horizontal coastal currents 
influence the sedimentation near the mouth of the Ganges-Meghna 
with the help of the t ida l currents which approach the deltaic 
shore and proceeds along the estuaries of the mouth (Akhand, 
1988). 
7.1.6 Topography of the Sea-floor of the Bay of Bengal : 
The Bay of Bengal is an extended shallow arm of the 
Indian Ocean encircled by the narrov/ coastal shelf on the west, 
east and nor th . Depth increases from north to south. The shelf 
zone is wider along the coastal pa r t of the Ganges del ta . F ig . 
7.3 shovrs the depth configuration and the bathymetric features of 
the Bay of Bengal. The Swatch of No Ground cuts the shallow 
and flat northern shelf region of the Bay in a south-west to 
north-east direct ion. Except this in terrupt ion the whole shelf 
region of the northern Bay of Bengal is a shallow and flat 
surface where the gradien ts of the shelf bottom increases with the 
increase in distance from the coast to the deeper par t s of the 
Bay towards south. For most of the shelf region along the 
deltaic coast of the Ganges, the depth of the sea is less than 
100 m. The most shallov/ region of the shelf l ies along the 
Ganges-Meghna mouth where the depth is less than 10 m in most 
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of the places (Pramanik, 1983) . The extent of the shelf region 
also gains maximum width along this region which favours a 
future prospect for the de l ta ic prograssion around this region. 
The shallow pa r t of the nor thern portion of the Bay ends near 
the 20°N la t i tude and the average gradient of the sea-floor 
towards the south is about 1.80 m/km (La Fond, 1957). In the 
deeper p a r t s of the Bay of Bengal the monotony of the sea-floor 
relief is broken by the presence of a network of bathymetric 
channels and submarine r idges . The Bengal Deep Sea Fan, 
Burma Trench, Ninety East Ridge, Nicobar Fan are some of the 
prominent relief features of the botton of the Bay of Bengal. The 
greater par t of the Bay of Bengal records 2,000 m to 4,000 m 
depths . 
Among the various relief features of the bottom of the 
Bay of Bengal the Swatch of No Ground or the Dub la Khad is the 
most significant which great ly influences the del ta ic formation 
and i t s progression in the shelf region (Rob, 1989-a) . The 
canyon lies about 25 km south of the del ta-coast and cuts the 
continental shelf in a south-westerly direction. At its northern 
edge the Swatch has a depth of about 20 to 60 m and it a t ta ins a 
maximum depth of the about 830 m a t l a t i tude 21°32' N and 
longitude 89°30'E (Bhuiyan et a l . , 1980). This submarine trench 
is about 2,000 km long. The Swatch of No Ground exerts a 
pronounced influence on the total hydrodynamic system of the 
northern Bay of Bengal which ultimately effects the deltaic 
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F i g . 7 .3 : The Bay of Bengal : Depth Configuration 
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formation on the coastal pa r t of the shelf region of the Bay. 
Curray and Moore (1971) observe that the sediments of the coastal 
and shelf region of the Ganges del ta are mostly removed and 
t ranspor ted to the deep sea fan through the Svratch of No Ground. 
Besides, this submarine trench influences the t idal flov^, sediment 
movements and si l tat ion and the formation of new del ta ic lands 
along the shallovr belt of the coastal pa r t of the Bay of Bengal. 
I t may be summerised that the presence of this canyon is great ly 
responsible for the slow progression r a t e of the Ganges del ta 
along the western pa r t of the deltaic coast (Chov/dhury, 1959). 
7.2 PROCESS OF SEDIMENTATION IN THE GANGES DELTA : 
The Ganges del ta is a resu l tan t of a continuous 
process of sedimentation in the Bay of Bengal l>y the 
aggradat ional land-bui ld ing act iv i t ies of the r ivers of the Bengal 
Basin and the marine actions of the Bay. In the formation of 
the Ganges delta the r ivers of the Bengal Basin, especial ly the 
Ganges and i t s d i s t r ibu ta r i e s , have been playing the v i t a l role . 
These streams and channels t r anspor t down a huge quant i ty of 
sediments from their catchment a r ea s , deposit them in and around 
the deltaic land • and the off-shore sea and ult imately contr ibute 
great ly to the growth and progression of the del taic l a n d s . 
7.2.1 Sources of Sediments : 
The Ganges delta and i t s adjoining p a r t s of the land 
322 
the erosional products or ig inat ing from the catchment a reas of the 
three great r iver systems of the world, namely, the Ganges, 
Brahmaputra and Meghna in the nor th . These sediments are 
produced from the denudation and erosion of the rocky surface of 
the Himalayas, surface run-off from the dra inage basins of the 
r ivers of northern and nor th-eas te rn Ind ia , Nepal, Bhutan, 
south-eastern China (Tibet) and Bangladesh, and the erosion and 
wash-out of the r iver -banks and floodplains of the Bengal Basin. 
The t ida l actions and the off-shore marine currents also 
contribute to the sedimentation by the process of resuspension of 
the sea-bottom materials of the coastal a reas of the Bay of 
Bengal which are ultimately deposited in the coastal belt of the 
de l ta . Besides, a small amount of sediments are added from- the 
sources of the Chhota Nagpur r ivers ( i . e . , the Ajoy, Damodar, 
Rupnarayan and Subarnarekha) of which a par t is being passed 
through the Hoogli e s tua ry . But bulk of the sediments of the 
delta and the Bay of Bengal which are t ranspor ted through the 
Ganges, Brahmaputra and Meghna systems pass mainly through 
the Ganges-Meghna mouth and accumulate mostly along the eastern 
coast of the delta and the adjacent shelf of the Bay. More than 
about 80 percent of these sediments are carr ied to the Bay of 
Bengal during the monsoon per iod. Holeman (1968) has estimated 
that an average of about 2.4 bill ion tons of sediments are being 
carr ied by the Ganges and Brahmaputra systems to the Bay of 
Bengal every year . Pramanik (1983) has also estimated the same 
amount. On the basis of the present ra te of sediment d ischarge 
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in the Bay of Bengal Curray and Moore (1971) have calculated 
the regional ra te of denudation in order of 70 cm per thousand 
years in the source areas of the deltaic r i v e r s . The Ganges 
system drains the southern slopes of the Himalayas and a vast 
a reas of floodplains in Uttar Pradesh and Bihar in Ind ia and 
western portion of Bangladesh. The Brahmaputra carr ies the 
discharges of the northern slope of the Himalayas (v i z . , Tibet 
Province of China) and the run-off from the hi l ly region of 
north-eastern India (v i z . , Assam r ive r s ) , Bhutan and North 
Bengal. The Meghna system dra ins the Barak Valley, the western 
slopes of the Naga-Manipur Hills , Sylhet Basin and pa r t s of the 
southern slopes of the Khasi-Jayant i Hills of Meghalaya s ta te . 
Although the Brahmaputra system contributes the lion share of the 
discharges to the Bay of Bengal yet the role of the other tv/o 
major drainage systems, the Ganges and Meghna, is not less 
s ignif icant . As a matter of fact, these three huge r iver systems 
combindly act to form the Ganges del ta . The Table 7.3 
shows the shares of discharges and other hydrologic parameters 
of these three major dra inage systems of the del ta ic region. The 
Table indicates tha t although the Ganges catchment a rea is 
spread over a surface of nearly a million sq.km the 
Brahmaputra ' s share of average discharge of water and sediment 
load is much greater than tha t of the Ganges. The Ganges 
3 
carr ies an average of 11,610 m /sec of discharge of water and 
492 tons/sq .km/year of sediment run-off from its catchment 
spreading over about 955,710 sq.km a rea . On the other hand the 
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B r a h m a p u t r a d r a i n s an a v e r a g e of 19,200 m / s e c of v/ater and an 
a v e r a g e a n n u a l s ed imen t s run-off of about 1,370 t o n s / s q . k m from 
i t s 582,350 sq .km ca tchment a r e a . As the B r a h m a p u t r a d e b a u c h e s 
almost a l l of i t s d i s c h a r g e of w a t e r and sed iment l o a d s in to the 
Ganges near Goalundo in B a n g l a d e s h and merges wi th t h e flow of 
the Ganges , i t s c o n t r i b u t i o n is s i g n i f i c a n t in t e r m s cf i t s volume 
of w a t e r d i s c h a r g e d a n d the s e d i m e n t s , ye t a s the B r a h m a p u t r a 
becomes a t t h i s s t a g e the t r i b u t a r y to the Ganges , t h i s major 
r i v e r becomes l e s s s i g n i f i c a n t t h a n t h e Ganges i t s e l f and t h i s i s 
why the d e l t a i s d e s i g n a t e d a s the Ganges d e l t a . 
TABLE 7 .3 
Some Hydrographic Parameters of the three 
Major Rivers of the Bengal Basin 
Rivers Total Catchment Average Average Annuel 
Length Area^ D i s c h a r g e Sil t Run-off'^ 
•( km ) ( km ) ( m / s e c ) ( t o n / s q . k m ) 
Ganges 2,574 
B r a h m a p u t r a 2,796 
Meghna 805 
955,710 
582,350 
76,405 
11,610 
19,200 
3,515 
492 
1,370 
-
Source : "^Abbas (1964), ^ECAFE, (1966}. 
The s m a l l e s t c o n t r i b u t o r of these t h r e e major r i v e r s cf 
t he de l t a is the Meghna v;hich d i s c h a r g e s an a v e r a g e of only 
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3,515 m / s e c of w a t e r whi le most of i t s sediment load i s f i l t e red 
in the d e p r e s s i o n s of the Sylhet Basin ( v i z . , the J a l a l a b a d 
Haors) d u r i n g i t s flow t h r o u g h the n c r t h - e a s t e m p a r t cf 
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Bangladesh and as a resul t it ca r r ies very small quant i ty of 
sediments from i ts catchment area (76,405 sq.km) to the Bay cf 
Bengal. It also br ings some amount of sediments from the erosion 
of the banks of i ts d i s t r ibu ta r ies and wash-out from thei r over-
bank floodplains in i t s lower course. 
7.2.2 Transportation of Sediments : 
The r ivers of the Bengal Basin and their numerous 
t r ibu ta r ies and d is t r ibu ta r ies t ranspor t almost the whole of the 
sediments to the Ganges de l ta . A vas t network of dis t r ibutar ies 
of the Ganges in the del ta ic region spread these sediments in the 
different pa r t s of the del ta while the huge es tuar ine channels of 
the coastal pa r t s of the delta t ranspor t the major quant i ty of 
sedimentary load to the off-shore shelf region of the northern Bay 
of Bengal. Besides, the t ida l actions and the coastal waves of 
the sea br ing some of these r iver-borne sediments back to the 
coas ta l flanks of the deltaic is lands and mainland areas and rest 
of the sediments are either settled in the shelf-bottom or 
t ransported further into the deeper pa r t s of the Bay of Bengal by 
the marine cu r r en t s . 
In the Ganges del ta r ivers are the main agent of 
t ransportat ion of the sediments. Sediments are t ranspor ted both 
as the bed-load and the suspension-load in these deltaic s treams. 
However, the maximum quant i ty of sediments, which are mostly 
fine-grained eroded materials from the catchment areas of the 
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three rr.ajor r iver systems of the region consisting mostly of s i l ts 
and c lays , are t ranspor ted as the suspension or wash-load. Some 
coarser materials (v i z . , s ands ) a re however t ransported as the bed 
load of the del taic r i v e r s . 
The process of sediment t ranspor ta t ion of the deltaic 
r ivers are re la ted to the form, shape, cross-section of the 
stream, the volume and velocity of the d i scharge , supply of the 
sediments and the gradient or slope of the surface . The regime 
of the r iver , the bed material and the marine influence also 
affect the t ranspor ta t ion process in the Ganges delta.. 
The bed loads are t ransported slowly towards the 
down stream because of the resis tance that they face from the 
bed-configuration, accumulated settled bottom-materials and the 
lack of sufficient s lope-gradient and supply of discharge from the 
upstream, a r e a s . The t ranspor ta t ion of both the bed-load and the 
suspension-load in the r ivers of the Ganges delta gain momentum 
during the monsC'On period when the flood discharges of the 
deltaic r ivers increase manifold due to the influx of water from 
the upland a r e a s . During the monsoon season both the velocity 
and volume of the discharges in the deltaic r ivers increase 
considerably which help to t ranspor t the heavy sedimentary loads 
of the catchment a r e a s . 
It has been observed t h a : the r iver bed morphology 
and the configuration of the stream directly influence the 
t ranspor ta t ion of bed-loads while the suspension or the wash-load 
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is mainly of secondary importance for the morphology. They dc 
not much influence the r iver morphology nor they are directly 
influenced by the morphological charac ter i s t ics of the channel . 
The suspension-loads which are t ranspor ted mostly to the coastal 
a reas of the Ganges del ta predominantly sett le in the off-shore 
sea and at the es tuar ine mouths of the Ganges and contribute to 
the grovrth of the del ta in the sea . A subs tan t i a l portion of 
these wash-loads are t ranspor ted across the banks of the deltaic 
d is t r ibutar ies dur ing the flood time (v i z . , in the monsoon months) 
are settled over the low-lying pa r t s of the del taic p la ins and 
depressions tc elevate the surface level of the de l ta ic l a n d s . On 
the other hand the bed-loads are mostly accumulated at the floor 
of the channel leading to s i l t ing and scouring of the bed of the 
r ive r . Some of these loads are deposited on the banks of the 
r ivers during the h igh-s tages of the r iver and cause the 
formation of po in t -bars in the deltaic channels,, Such types of 
deposition a re mostly seen in the Mature p a r t of the del ta . 
Change of the regime of the r iver and the supply of bed 
materials to a r iver - reach lead to s i l t ing and scour ing . These 
however occur if the supply of sediments to a certain section of 
the strecT is not equal to the t ransport ing capaci ty of the r iver-
r each . This situation of the hydrology and morphology is often 
observed in the most of the del taic channels especial ly in the 
mature and old pa r t s of the Ganges del ta . 
Table 7.4 shows that during the monsoon months ( i . e . , 
June to October) the ra te of sediment t ranspor ta t ion in the thrse 
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major del taic r iverse increases tremendously. Nearly 85 percent 
of sediments of these three r ivers are t ranspor ted to the Bay of 
Bengal during these months. In the Ganges the highest 
t ranspor ta t ion act ivi ty of sediments occurs during the period from 
July to October and in August it ga ins the highest concentration 
of sediment loads for t ranspor ta t ion ( i . e . , 158.8 million tons) . 
The Ganges car r ies the lowest quant i ty of loads during the p re -
monsoon months of March, April and May (v i z . , 0.90, 0.80 and 
0.80 million tons in the respective months) . The post -Farakka 
sediment t ranspor ta t ion ra te in the Ganges shov/s an abrupt 
decline. During the pre -Farakka period (1958 to 1952) the mean 
of the total annual sediment t ranspor t in the Ganges was 478.9 
million tons . But during the period 1952 to 1984, which records 
the post-Farakka t ranspor t of sediments of the ganges, the total 
annual mean t ranspor ta t ion was decreased to almost the half of 
the p re -Farakka quant i ty , v i z . , 252.0 million tons per y e a r . The 
withdrawal of the Ganges water throughthe Bhagirathi-Hoogli 
channel is repsonsible for this fall in the t ranspor ta t ion ra te of 
the sediments in the Gange-s. The Brahmaputra t ranspor ts 
maximum quanti ty of its sedimentary loads during the period from 
May to October and the highest t ranspor ta t ion activity takes 
place in the month of August (v iz . , 153.3 million tons) and the 
lowest in February (v iz . , 2.50 million t ons ) . The mean of total 
annual t ransporta t ion of sediments in the Brahmaputra was 507.70 
The commissioning of the huge ba r rage at Farakka on the Ganges 
in 1975 diverts a major portion of the water-flow through the 
Bhagirathi-Hoogli from i ts main course of the Ganaes-Padma. 
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Fig . F-IV : Photographs of River-bed Micromorphological 
Features in the Ganges Delta 
a) Asymmetrical Anastomose Wave-Ripples 
on Mud-flats at the Estuarino Coastal 
Areas in the Ganges Delta 
b) Well-Developed Asymmetrical Straight 
to Sinuous-crested Wavo-Ripplcs on 
Top a Channel-bar in the Ganges Delta 
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million tons during 1958-1962 and about 500.0 tons during 
1962-1984 (Coleman, 1969 and Khan and Rashid, 1985). 
The Meghna transported only about an average of 
20.20 million tons of sediments during 1961-'62, and recorded the 
highest t ranspor ta t ion in the month of July (6.2 million t o n s ) . 
7.2.3 Distribution of Sediments and Accretion ; 
Sediments tha t have been t ranspor ted by the r ivers 
and channels of the Bengal Basin mostly pass through the deltaic 
streams and es tuar ies to the Bay of Bengal. Hov/ever, a small 
portion of these sediments are settled on the land surface and 
channel beds of the del ta ic region. The t ransported sediments 
over land and sea are not evenly d is t r ibu ted . The suspended 
sediments of the flood-water of the del taic r ivers are normally 
accumulated on the floodplains of the Ganges and other larger 
deltaic r i ve r s . These sediments also settle in the depressions 
and basins of the central par t of the Ganges de l ta . The 
sediments of the resuspended materials from the coastal and 
off-shore shallow shelf region of the Bay of Bengal are 
distr ibuted over the low-lying t r ac t s of the coastal par t of the 
Ganges delta by the t idal inundations in the region. These 
fluvio-marine detr i tus are profusely accumulated in the t ida l pa r t 
of the Ganges delta and in the estuarine creeks and on the 
off-shore i s lands with lovrer elevations. The bed-load sediments 
are mostly deposited on the upper reaches of the r ivers and some 
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portion of these bed-materials are accumulated in th° channels of 
the deltaic r ivers a s channel-bars and po in t -ba r s . Some fine 
bed materials are transported to the mouths of the del ta ic r ive r s 
during the monsoon period and deposited along the eas tern 
es tuar ine coast of the de l ta . These sediments contr ibute 
subs tan t ia l ly to the formation of the de l t a -ba r s of the Meghna 
mouth in the eastern p a r t of the Ganges de l t a . 
I t has been observed that the amount of sediments 
ava i l ab le for ult imate t ranspor ta t ion to the Bay of Bengal var ies 
in time and a r ea l extent ( Pramanik, 1983 ) . Fig. 7,4 shows the 
monthly sediment discharges in the Ganges and Brahmaputra at 
different s ta t ions ( i . e . , Bahadurabad , Paksey, Goalundo and 
Bhagyakul) which reach the peaks in the months of July, August, 
September and October. BWDB (1972) observes that the maximum 
fluctuation in the discharge of sediments occurs in August ( v i z . , 
from 215 to 275 million tons per month) depending on the location 
of the s t a t ions . F ig . 7.4 shows tha t the combined discharge of 
sediments of the Ganges and Brahmaputra at Goalundo is not 
equal to the sum of the total discharges of these two r ive r s when 
measured separa te ly a t Paksey and Bahadurabad . This anomaly 
becomes much acute during the period of the monsoon floods. The 
loss of sediments in the flood p la ins during the period may cause 
this anomaly in the discharge of sediments as measured a t 
Goalundo. F ig . 7.4 further shov/s that during the dry season 
(November to March) a meagre quanti ty of sediments is 
t ransported through these r i ve r s . Pramanik (1983) is of the 
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F i g . 7 . 4 : Monthly Sediment Discharges in the Ganges and Brahmaputra 
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opinion that this flov/-characteristics of the sediments in the 
r ivers of the Ganges delta may v a r y from year to year yet the 
general pat tern will remain almost the same. 
As regards the t ex tu ra l composition of the sediments of 
the upper course of the Ganges, a higher percentacfe of course 
sands can be observed a t Paksey and towards the downstream at 
Bhagyakul, a lower percentage of such coarse sands can be 
found. However, the percentage and ava i l ab i l i t y of the coarser 
or finer sands along the courses of the del taic main channels 
depend considerably upon the na tu re and volume of the floodings 
in these s t reams. 
Siddiquie (1967) .observes that in the Bay of Bengal a 
subs tan t ia l area is covered by clay par t ic les with less than 
0.004mm diameter. Sand (0.052 to 2 mm), s i l t (0.004 to 0.062 mm) 
and s i l ty c lay are confined to a narrow margin along the coast 
except the Ganges del ta in the north and western coast of the 
Andaman Is lands in the south. Along the coast of the Ganges 
delta sil t par t ic les occupy a l a rge area and along the western 
coast of the Andamans si l ty clay covers even a l a rge r area 
extended westward upto the centra l pa r t s of the Bay. 
Analysing the ' N i m b u s - 7 ' Coastal Zone Colour Scanner 
( CZCS ) da ta for the Bay of Bengal, Pramanik (1933) has 
identified a fan-shaped sediment distr ibution pat tern along the 
coastline of the Ganges del ta as a l ighter tone aga ins t the 
darker and clear water of the Bay. Besides, he has observed 
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tv/o separate d is t r ibut ion pa t te rns of the sediments, one showing 
the discharge of the Ganges main channel ( i . e . , through the 
Padma-Meghna estuar ies) while the other repreisenting the 
descharge of the Hoogli, i t s d is t r ibutar ies and other creeks and 
spi l l -channels of the western de l ta . The line of convergence of 
these two separa te sediment discharges of the northern Bay of 
Bengal is located a t the northern end of the Swatch of No 
Ground, a few kilometres south of the Is land of Dubla of the 
Sundarbans (Fig . 6 .3 .12) . 
LRP (1985) has measured the quant i ty of sediment 
concentration in the coastal water of the Bay of Bengal and the 
del taic es tuar ies in the eastern p a r t of the Ganges de l ta . The 
findings of the LRP-Survey (1985) have been shown in F ig . 7.5. 
Figure 7.5 shows the average monthly 50% values of sediment 
concentration in the water of different s ta t ions -of the Meghna 
mouth for 1979. I t will be seen from the F i g . 7.5 tha t there is 
a concentration of sediments of 3,850 mg/1 per month for Char 
Jabbar , 1,440 mg/1 per month for Sandwip, 1,530 mg/1 per month 
for Noakhali Khal, 1,150 mg/1 per month for Hatia Is land, 
630 mg/1 for Ramgati and 570 mg/1 per month for Daulat Khan. 
Further there is a var ied pic ture of sediment concentration 
at different s tat ions and there is a f luctuating r a t e of sediment 
distr ibution at these s ta t ions in different months. The sar.e 
figure records that the Ganges mouth region of the northern Bay 
of Bengal along the eastern coast of the delta receives a huge 
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quanti ty of suspended sediments froTi the r ivers and the 
distribution of these sediments are also not even in the different 
locations in the off-shore region of the Ganges mouth. 
Holeman (1958), Coleman (1969), Curray and Moore 
(1971) and Pramanik (1983) have estimated the sediment discharge 
in the Bay of Bengal. Their estimates va ry from 1 billion 
tons /year tc 2.4 bill ion tons /yea r . Curray and Moore (1971) are 
of opinion that the bed-loads of the del ta ic r ive r s ( v i z . , the 
combined discharges of the Ganges and Brahmaputra) contribute 
25% to 50% of the suspended sediments to the total sediment 
discharge in the Bay. However, i t does not seem possible to 
estimate the separa te contribution of each of the r ivers and the 
share of the suspended and bed loads to the total of the 
discharged sediments. Pramanik (1983) has calculated a total 
9 
discharge of sediments of 1.0 x 10 tons/year which has been 
accumulating on the floor of the Bay of Bengal alQi^g the coast of 
Bangladesh. Of this approximate 0.8 bil l ion tons /year is 
estimated as the suspended load input at the Psdma-Meghna 
entrance ( i . e . , mouth of the Ganges) in the Bay of Bengal . He 
is of opinion tha t the transported sediments into the Bay is not 
necessari ly al l lost to the deeper ocean. Ins tead , a subs tan t ia l 
pa r t of this has been contributing tc the formation of some 
longitudinal ' f inger l ike ' features or tongues of sediment deposits 
extending southv/ard from the newly formed del ta ic l ands and 
off-shore i s lands in the shallow depths of the shelf region of the 
Bay of Bengal. In the course of his study Pramanik (1983) 
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obse rves t h a t about 1.0 b i l l i o n t o n s / y e a r (out of 2 .4 b i l l i on 
t o n s / y e a r ) of sediment i n p u t i s d i s t r i b u t e d a l o n g the c o a s t l i n e 
wi th in a 64 km zone south of 22°N l a t i t u d e and p a r t of the 
r e m a i n i n g 1.4 b i l l i o n tons of sed iment forms new l a n d s n o r t h of 
t h e s a i d l a t i t u d e whi le the r e s t i s removed by t h e ocean ic 
c u r r e n t s to the deepe r p a r t s of the s e a . 
F i g u r e 7.6 shows the d i s t r i b u t i o n p i c t u r e of s e d i m e n t s 
a n d the l a n d - b u i l d i n g a c t i v i t i e s i n the shelf r e g i o n of t h e Bay of 
Benga l a long the c o a s t a l a r e a s of the Ganges d e l t a . This 
d i s t r i b u t i o n p a t t e r n of the sed iment s in the n o r t h e r n a p e x of the 
Bay h a s been p lo t t ed from t h e d i g i t a l mosa ic of s a t e l l i t e 
i m a g e r i e s of the ERIM (SPARRSO, 1984) s y s t e m . In F i g . 7 .5 t h ree 
d i s t i n c t s ed imen ta t ion p r o c e s s e s can be i d e n t i f i e d i n the e s t u a r i e s 
a n d off-shore shelf a r e a s of the de l t a i c c o a s t of B a n g l a d e s h . 
The re a r e : 
A) acc re t ed l a n d which i s e i t h e r a l i t t l e h i g h e r , or 
r e m a i n s n e a r the wa te r su r face a t t h e p e a k of low t i d e , 
B) a r e a s where l a n d a c c r e t i o n i s in p r o c e s s and acc re t ed 
l a n d occurs a t r e l a t i v e l y low dep th t h a n ca t ego ry ' A ' , & 
C) zone of h e a v i l y s u s p e n d e d sed imen t s whe re the depth 
of wa te r above the u n d e r l y i n g l a n d formation i s 
g r e a t e r t h a n ca t ego ry ' B ' . 
The s t u d y of t h e s a t e l l i t e i m a g e r i e s ( i . e . , d i g i t a l 
mosaics) of the r e c e n t y e a r s r e v e a l s t h a t d u r i n g the l a s t two 
decades (1970 to 1990) a t l e a s t 750 sq.km of the new l a n d h a s 
been acc re ted in the c o a s t a l a r e a s of the Ganges d e l t a . P r a m a n i k 
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(1983) records show tha t dur ing the 5 years period of 1972 - 1979 
an accreted, area of about 400,2 sq.km new land had been formed 
only along the Bangladesh coast of the del ta ic shelf of the Bay 
of Bengal. The main concentration of the surfaced accreted land 
is in the south-eastern pa r t of the Ganges delta along the mouth 
of the Ganges-Meghna, especially the southern pa r t of the Hatia, 
Manpura and Bhola I s l ands , around the Nijhum Dwip, along the 
es tuar ine mouth of the Feni r iver and the southern off-shore sea 
of Pa tha rgha ta coast of southern Bar i sa l . In the western p a r t of 
the delta the process of accretion is not conspicuous as in the 
eastern portion of the de l ta . Some isolated a r e a s of accretion 
can be observed at the mouth of the Hoogli r iver and the 
Hariabhanga e s tua ry . At the Hoogli mouth new lands have been 
surfaced around the Sand Heads and to the south of the Jambu 
I s l and . Extensive shoals have also developed in the region. 
The is land of South Talpat t i (New-Moore) is an important accreted 
land a t the mouth of the Hariabhanga r iver on the demarkation 
l ine of Indo-Bangladesh border . This newly formed is land 
presently covers an a r ea of about 8 sq.km ( Rob, 1991 ) . Some 
north-south running shoals have been identified to the north 
nor th-east of th is i s land which sho\v a tendency of accretion 
towards the nor th -eas t , and this tendency of sedimentation 
indicates a probable future l inkage of the South Talpat t i with the 
mainland of Talpat t i of Bangladesh in the near future 
(Pramanik, 19S3 and Rob, 1991) . 
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The construction of some cross-dams across the 
channels of the Ganges mouth vfhlch divide the off-shore i s l ands 
from each other has caused a massive accretion of land in the 
southern pa r t of the deltaic coast (Fig. 8 .1) . Through this 
process a massive land area has been formed in the northern 
pa r t of the Hatia Channel and Sandwip Channel. Besides the 
southern p a r t of the Hatia Is land has almost merged with the 
Char Osman or Nijhum Dwip. Char Clark and Char Balua have 
developed in the north-eastern es tuar ine channel area of the 
Sandwip Channel and gradual ly these two have been gaining land 
and being extended tov/ards the south and east to be merged with 
the Sandwip I s l a n d . 
Pramanik (1983) has estimated a net r a t e of 
35.6 sq.km of land accretion per year in the eas tern par t of the 
delta Vfhere the sediments are deposited a t the bottom of the Bay 
at the ra te of 7.18 cm/year in a ' f inger l i k e ' pat tern bending 
westward. 
In the western coast of the Ganges delta the process 
cf sedimentation shov/s a different n a t u r e . The off-shore sea of 
the western p a r t of the delta is laden with the heavily suspended 
sediments consist ing mainly of f ine-grained silt and c l ay . 
Although accretion is limited to some isolated area in the sea , 
the t idal influences carry a huge quant i ty of resuspended 
sediments in the t idal t rac t s of land in the Sundarbans and i t s 
adjoining tide-influenced areas which ultimately settle on the flat 
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pla ins and creeks of the region and the surface of this pa r t of 
the delta is thus elevated g radua l ly . 
The presence of the submarine canyon the Swatch of No 
Ground to the south of the Dubla Is land (Dublar Char) of the 
sundarbans region ( i . e . , about 25 km away from the Dubla Is land ) 
and a comparatively narrower extent of the sea-shelf along the 
western coast of the Ganges delta have restr ic ted the 
sedimentation and accretion in this pa r t of the "delta. On the 
other hand the eas te rn portion of the off-shore sea along the 
coast of the delta receives the major sha re of the combined 
discharges of the Ganges, Brahmaputra and Meghna systems. The 
shelf is much wider and shallower in the region.. Besides, the 
hydraul ic and gravi ta t ional pull of the Swatch is less effective 
here . All these factors substant ia l ly help a favourable si tuat ion 
for the sedimentation and accretion of lands in th is par t of the 
del taic coast. 
7.2.4 Properties of the Sediments of the Delta : 
Quaternary geological and geomorphological s tudies in 
the Ganges delta led to the identif ication of four distinct 
geomorphic surfaces (v iz . , the Old, Mature, Young and Tidal 
par ts ) in which sediments were deposited under f luvia l , t ida l and 
the fluvio-marine combined actions during the different phases of 
la te qua te rnary period. In the present study attempts have been 
made to analyze some of the physical and chemical properties of 
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the sediments of the Ganges de l ta . The pr inc ipa l objective of the 
present sedimentological s tudy was to unders tand the tex tura l 
composition of the sediments of the different geomorphic pa r t s of 
the Ganges de l ta . Besides, s tudies were conducted to understand 
the dis t r ibut ion pat tern of the pH value and Electrical 
Conductivity of the deltaic sediments. 
7.2.4.1 Materials and Methods of the Study : 
For the sedimentological studies samples of the deltaic 
sediments were collected from the surfaces of the four different 
physiographic par t s of the Ganges de l ta , v i z . , the Mature del ta . 
Old del ta . Young delta and Tidal de l ta . Sediment samples were 
collected randomly from the flood p l a i n s , r iver banks , r iver 
beds, depressions and mud-flats of these four uni ts of the del ta . 
However, the samples of the depressions and mud-flats were • 
collected only for the Old and Tidal par ts of the delta, 
respectively and for young de l ta , sediment-samples of the nev/ly 
accreted lands were collected. For each of the geomorphic sites 
a t leas t 5 samples from each of the landforms ( i . e . , Flcodplain, 
r iver bank, r iver bed e tc . ) were collected and then the average 
readings were taken of the a n a l y s i s . For the convenience of the 
study sediment samples were collected in the post-monsoon month 
(October 1990) . The samples were collected from the various 
locations of Madaripur (Mature de l t a ) , Chuadanga (Old del ta) , 
Bhola (Meghna mouth : Young delta) and Khulna (Sundarbans : 
Tidal delta) d is t r ic ts of the del ta ic pa r t s of Bangladesh. 
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Sediment samples were collected from 0 to 10 cm depths of the 
surface. 
The field samples were sun-dried and disaggregated 
before reduction to about 100 g as test sample by coning and 
qua r t e r ing . Then the samples were analyzed through sui table 
laboratory techniques . For the s tudy of the par t ic le size Sieving 
technique was adopted. For this purpose ASTM sieves (22 cm) 
with screens of 2.00 to 0.625 mm were used. On the bas i s of 
gra in-s ize . th ree categories of sediments ( i . e . , sand, s i l t and 
clay) have been identif ied. In the sandy category both the 
coarse and fine grained sand par t i c les were included. The pH 
va lues of the sediment samples were recorded with a pH meter 
and electr ical conductivity was measured with Metrohm Herisau 
Conductometer. For measuring the organic matters in the 
sediments the Methods of Jackson (1975) were adopte-d. 
7.2.4.2 Results and Discussion : 
Table 7.5 summerizes the findings of the labora tory 
tes ts of the samples collected from the different par t s of the 
Ganges del ta . Uniformly high s i l t contents in a l l the four 
physiographic regions as well as in a l l the morphologic uni ts of 
the Ganges delta is the most significant physical charac te r i s t i c 
of the sediments. The silt content in the del ta ic regions ranges 
from 60.9-O to 24.7%. The highest concentration of silt occurs in 
the Young par t of the delta where 60.9% s i l t ccmtent is found in 
the r iver bed and 56.5?^ and 55.1% are found on the floodplain 
346 
and accreted land , respect ively. Except the mature p a r t of the 
del ta , silt and clay dominate the v/hole deltaic land. In the 
Mature par t the content, clay par t ic les are very low ( i . e . , 10.1 
to 7.5%). Sand par t ic les constitute a higher percentages , i . e . , 
55.2%, 45.1% and 35.8% respecting for r iver bed, r iver bank and 
flood p la in in the Mature de l ta . Generally, the percentage of 
sands are higher in the f loodplains. Except the Mature del ta the 
lower surfaces l ike depressions and r iver beds lack sand 
par t ic les ( i . e . , 9.0% in Old delta>.15.5% in Young delta and 10.5% 
on the mud-flat of Tidal d e l t a ) . Among these sand-par t ic les 
maximum is of f ine-grained sediments. The main cause of the 
occurrence of a higher precentage of sand in the r iver bed of the 
Mature delta is the coarser g ra in-s ize , which works against the 
capaci ty of the r ivers and owing to their excessive weight, they 
are accumulated at the beds of the streams of the Mature delta 
and other p a r t s of the upper par t s ( i . e . , northern and 
north-eastern) of the de l ta . The floodplains of al l the four 
physiographic par t s of the delta are supplied with fair ly high 
percentages of s i l ts ( i . e . , 56.5% to 34.6%). This is due to the 
r egu la r flooding which ca r ry huge quanti ty of fine grained 
suspended s i l ts to the floodplains of the del ta every year . 
Because of the decaying condition of the r ivers of the Old pa r t of 
the de l ta , the floodplains therein receive less quanti ty of s i l t s 
and c lays . Of course, the low-lying depressions of the Old delta 
get higher percentage of sl i t and clay ( i . e . , 42,8% and 45.5% 
respect ively) . The presence of sand part ic les is the least in the 
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Young delta (15.5% to 8.8%). In the t idal pa r t of the Ganges 
delta (Sundarbans) s i l t s , clays and f ine-grained sands show 
almost uniform percentage. The mud-flats of the Tidal de l ta have 
considerably high percentage of sil ts and clays (40.4% and 46.6% 
respectively) and lower percentage of sands (10.5%). The 
occurrence of such higher percentage of f ine-grained sediment 
par t ic les in the t ida l pa r t s of the delta i s due to the set t l ing of 
the resuspended fluvio-marine loads by the action of the tides in 
the coastal and es tuar ine p a r t s of the de l ta . Except the Young 
delta the percentage of sands is moderate on the r iver banks of 
the various p a r t s of the del ta and except the Mature del ta the 
clay-content of the r ive r -banks also record a medium occurrence. 
The s i l ty- texture of the sediments show almost a uniform and 
considerably high occurrences in a l l the morphological categories 
and physiographic divis ions of the Ganges de l t a . Due to the 
l ighter weight, the clayey part icles are washed aw£y from the 
Mature pa r t of the del ta (10.1 to 7.5%) and accumulate in the 
low-lying areas l ike depressions and t ida l mud-flats in high 
percentage (45.5% and 46.6% respec t ive ly) . 
The column-5 of Table 7.5 shows the occurrence of 
organic matter content in the del taic sediments. This column 
shovi'S a poor occurrence of organic matters in the deltaic 
surfaces which ranges from 0.39% to 7.00%. The highest 
accumulation of organic matters is found in the t i da l p la in and 
mud-flats of the Tidal del ta ( i . e . , Sundarbans) where the 
percentage of organic matter content is recorded at 7.0% and 
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4.16% respect ively. In the Young p a r t of the del ta the 
occurrence of organic matter is lov/est and in all the three 
morphological categories of surfaces the percentages remains belov/ 
1.0%. In the Old delta the highest concentration of organic 
matter is found in the sediments of the depressions (2.53%) and 
in the Mature del ta on the floodplains (1.80%). The high 
percentage of organic matter contents in the sediments of the 
Tidal delta is due to the decomposition of p lan t leaves and other 
vegetational materials of the mangrove forests of the Sundarbans . 
Because of the higher slopes, the river banks , including those 
of the Tidal del ta , get lov/er percentage of the contents of 
organic matters in the sediments. Ovfing to the flow of water, 
heavy s i l ta t ion and lack of the supply of the organic matters the 
sediments of the r iver beds of the Mature and Young delta and 
the newly formed accreted lands of the Young delta yield lower 
percentage of ortjanic matter contents in the sediments. Besides, 
the overall lower percentage of organic matter content in the 
Young delta indicates the recent formation of th is pa r t of the 
delta as well . 
The column 7 to the Table 7.5 shows the pH values of 
the sediments of the different geomorphic units in the various 
physiographic par t s of the Ganges de l ta . The range of pH values 
in the different pa r t s of the delta va r ies from 8.2 (river bed of 
the Young del ta) to 5.9 (r iver bed of the Mature del ta) which 
indicates moderately acidic to moderately a lkal ine ranges of the 
nature of the del taic sediments. pH values of the Young and 
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Tidal pa r t s of the delta are re la t ively h igh . The river banks, 
r iver beds, med-flats and floodplains of these tvro southern 
deltaic divisions show high pH values ( i . e . , 8.2 to 7.3) which 
indicate the occurrences of neut ra l to moderately alkal ine nature 
of the sediments of these par t s of the d a l t a . On an average , it 
is found tha t the sediments of the Mature and Old par t s of the 
Ganges delta a re of s l ight ly acidic in na ture while the sediments 
of the Young and Tidal del ta are mostly a lka l ine in nature . 
This spa t ia l va r i a t ion in the pH value dis t r ibut ion in the 
different p a r t s of the del ta may be due to the southv/ard wash 
out of the del taic waters and the t idal influence in the southern 
pa r t s ( i . e . . Young and Tidal par t s of the de l ta ) of the Ganges 
de l ta . 
The column-8 of the Table 7.5 shows the distr ibution 
of electr ical conductivity in the different pa r t s of the Ganges 
del ta . In the delta the highest EC is recorded in the sediments 
of the t idal p l a in s of the t idal pa r t of the delta (1950 
2 
micro-mhos/cm ) and the lowest in the sediments of the r iver bed 
2 
of the Mature delta (610 micro-mhos/cm ) . The southern par t s of 
the Ganges del ta ( i . e . . Young and Tidal) recorded the highest 
occurrences of EC ( i . e . , 1950 to 1245 micro-mhos/cm"^) and the 
2 
Mature delta records lov/er EC ( i . e . , 610 to 88C micrc-mhos/cm ) . 
2 
In the Old delta EC is moderate (1070 to 1435 micrc-mhos/cm ) . 
The varied dis t r ibut ion of EC in the various p a r t s of the Ganges 
delta indicates a var ied sa l in i ty dis t r ibut ion in the deltaic 
sediments of the different physiographic pa r t s of the delta. 
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Column-8 of the Table 7.5 shows that s a l in i ty is 
higher in the southern p a r t s of the delta and leas t in the 
northern and nor th-eas tern p a r t s . Due to the higher supply of 
the fresh water from the upstiearr. a reas and the dis tance from 
the sea the Mature and Old par t s of the delta experience less 
s a l in i ty . On the other hand due to the t idal influxes and lack 
of the supply of fresh water from the nor thern areas the 
south-western t ida l pa r t of the delta and the tide dominated 
south-estern pa r t of the Young delta have high sa l in i ty . 
However, the degree and intensi ty of sa l in i ty va r i e s from place to 
p lace in the same pa r t of the deltaic region and in different 
seasons as well . The overal l sa l in i ty s i tuat ion in the different 
sample-areas of the present study hov/ever does not show any 
extremity. This may be due to the seasonal imfluence as the 
samples were collected in the post monsoon month of October. 
7.3 PROCESS OF EROSION : 
The exist ing landmass of the Ganges del ta is a 
resu l tan t of the balance between the erosional and depositional 
processes which have been ceaselessly shaping and reshaping the 
morphology of the de l t a . Although the depositional process 
ricrmally gains upperhand in the land-bui ld ing act iv i t ies in the 
de l ta , the process of erosion nevertheless p lays significant role 
in the growth, formation and the continuous changes in the 
morphology of i t . In the Ganges del ta , the process of r iver bank 
erosion and erosion in the coastal a reas is a very common and 
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v/idespread phenomenon. 
In the Ganges delta both the r ivers and sea act as 
the main erosive agen ts . The action of the stream erosion is 
more pronounced mainly on the r iver banks and channel beds in 
the Mature delta on the mainland edges and banks of the 
estuar ine channels at the mouths of the streams of the Young 
del ta . The marine erosion is the outcome of the actions of the 
t ides , waves and l i t to ra l cur rents of the Bay of Bengal. 
Generally the coas ta l a reas of the southern p a r t of the deltaic 
lands and the off-shore i s lands of the Ganges del ta are 
susceptible to the actions of marine erosion. 
7.3.1 Mechanism of Fluvial Erosion in the Ganges Delta : 
The erosion in the Ganges delta is bas ica l ly a fluvio-
marine process which involves both the l a t e r a l and ver t ica l 
removal of l and-ma te r i a l s . The l a t e ra l erosion is mainly a 
fluvial action which causes degradat ion on the banks of the 
deltaic r i ve r s . The maximum bank erosion takes p lace during the 
monsoon floods of the del ta ic r ivers when they flow with huge 
volume of discharges and high veloci t ies . I t is seen in the 
various inland a r ea s of the Ganges del ta , especial ly along the 
courses of the l a rge r del taic r ivers (v iz . , the Padma) that the 
process of bank erosion or l a te ra l slumping usual ly occurs in two 
ways : i) by liquefaction and flowage of the bank mater ia ls , and 
ii) shearing away of the bank mater ia l s . These two processes of 
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the l a t e ra l erosion are normally in ter re la ted and occur in var ied 
magnitudes. 
• The liquefaction or flowage erosion takes place belov/ 
the water level or in the zone between high and lov; water levels 
where the s trat i f ied s i l ts and s i l ty clays of the na tu ra l levees 
occur t i l t ing over the massive deposition of channel s ands . The 
fluctuations of the water volumes and pressures with the changes 
in discharges in different seasons act on the s t rat i f ied bank 
materials effectively and during the lean-period of the r iver the 
slumping of the bank materials t akes p l a c e . However, such type 
of la tera l erosion is limited in extent and normally occurs in the 
levee areas of the del taic s t r e a n s . The flowage slumping can be 
observed along the main channel of the Ganges (Padma) near the 
city of Rajshahi and Bheramara Town of Bangladesh. 
The l a t e r a l erosion of the r i ve r banks are caused by 
the action of single or multiple factors . Most of the fai lures 
however occur due to the wearing-out of the base-mater ia ls of the 
na tura l levees by the shear pressure of the levee sediments and 
the running water. The excessive steepening of the r iver banks 
due to the removal of bank materials and the lowering of the 
water level in the channel also cause erosion of the banks . This 
type of bank erosion have been found mainly along the concave 
banks cf the l a rge r and active r ivers of the del ta ( i . e . , the 
Padma, Arial Khan, Gorai, Madhumati; F ig . F-VI) . 
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Fig. F-VIII : Photographs of Typical Riverine Landscape of 
the Ganges Delta 
a) Tidal Creek of the South-Westorn Par t of the Ganges 
Delta; Arrow Indicates a Low-Lovee Ridge 
b) Riverine Floodplain of the Central Basin of the Ganges 
Delta : SW Far idpur District 
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Study of the aer ia l photographs taken in 1974-'75 
reveals that an average of 2 slumps of the r iver banks occurred 
along the stretch of the Ganges main channel for 154 km from 
Godagari to Aricha. The size of the slumps v a r i e s from 250 m to 
5 m along the different stretches of the banks of the Ganges. 
The continuous erosional act ivi t ies of the del ta ic r ivers and the 
effects of the l a t e r a l erosion of the streams have been wo rking 
behind the g r a d u a l shrf t ing of the courses of the deltaic 
channels and as a resul t of these shifts the surface of the 
Ganges delta has gained the present va r i ed topograhic 
character is t ics and numerous r iver ine relief fea tures . I t has 
been found tha t var ious geological, hydrological , hydraul ic and 
ecological factors influence the degree, r a t e and intensi ty of 
f luvial erosions to a great extent . 
7.3.2 Marine Erosion in the Ganges Delta : 
Marine erosion or the degradat ional action of the Bay 
of Bengal plays significant role in the morphological change and 
the growth of the coastal land in the southern portion of the 
Ganges del ta . The whole of the coastal belt of the del ta is 
vulnerable to the marine erosion. However, the maxinum 
erosional effect of the sea can be observed in the eastern ccast 
of the del ta . The coastal i s l ands , especially the eld and larger 
off-shore is lands face increasing erosional act ions of the sea . 
Coastal erosion prevalent in the Ganges delta can be 
categorized into the following : 
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i) l i t to ra l erosion of the edges of the deltaic mainland 
and off-shore i s l ands by long-shore currents , 
i i) erosion at the mouths of the estuarine r ivers 
controlled mainly by wave ections, 'and 
i i i ) severe and extensive erosion of the newly prograded 
del ta ic lands (head- lands) by pov/erful wave actions 
caused by the t i da l bores and cyclonic surges . 
Li t toral erosion in the coast of the Ganges de l ta is 
not much extensive. However, the effect of the long-shore 
movement has controlled the seaward progression of the western 
coastal land of the delta through the process of l i t to ra l erosion. 
Along the southern edges of the Sundarbans of the Tidal pa r t of 
the delta the longshore components of the wave power exert 
considerable erosive action and subsequently they remove the 
l i t to ra l sediments of the land tov/ards the deeper par ts of the 
she;lf through the adjacent submarine canyon - - Swstch of No 
Ground. 
River mouth erosion is the most extensive and 
wi ie-spread in the seaward pa r t of the Ganges de l t a . This type 
of erosion is more pronounced in places where two or more r ivers 
join together before reaching the sea . For the same reason such 
type of erosion can be seen extensively a t the mouths of the 
r iv2rs Meghna ( i . e . , Shahbazpur and Tentulia channels) , 
Har iabhanga, Matla and Hoogli. The channels of Hatia and 
Sar.jwip and some t idal es tuar ies l ike Har ingat ta , Marjhata and 
Malancha also experience the mcuth erosion. The velcri ty of the 
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coastal and es tuar ine strearrs and the volume of the discharge 
effect the mouth erosion and the del taic lands at the mouths of 
these huge es tuar ine r ivers are normally eroded through the 
flowage and _ slumping mechanisms of these streams during the 
monsoon and post-monsoon fluctuations of the water-s tages of the 
r i ve r s . In the process of this type of erosion materia] ( i . e . , 
sediments) eroded in one p a r t of the r iver mouth gets deposited 
in another p a r t , and as a resul t the r iver mouths of most of the 
del taic r ivers shift gradual ly with passage of time. The 
comparison of the three maps of Rennell (1780), Survey of India 
(Rev., 188C) and the SPARRSO (1979) shows c lear ly the pronounced 
and gradua l shifting of the mouths of the major deltaic r ivers 
along the coast of the Ganges de l ta . 
Table 7.5 shows the erosive action in the three major 
deltaic i s lands of the Bay of Bengal, namely, the Bhola, Hatia 
and Sandwip, which have been undergoing severe morphological 
changes in the current century mainly due to the extensive land 
degradation and river-mouth erosion. The area of erosion, 
deposition and total land of these i s lands have been measured 
from the different aer ia l photographs, maps and satel l i te 
imageries of the south-eastern coasta l region of the Ganges delta 
for the years 1940, 1953 1979 and 1985. 
Table 7.5 clearly shows that the process of erosion 
has gained upperhand in a l l the three del taic i s lands of the Bay 
of Bengal dur ing the las t few decades of the present century. In 
al l the three i s lands the total a rea gained through the process 
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TABLE 7.6 
Erosion-Accretion Situation in Bhola, Ha t i a and Sandwip I s lands 
( 1940 - 1985 ) 
I s l a n d Year Eros ion Accre t ion B a l a n c e T o t a l Area 
( s q . km) ( s q . km ) ( s q . km) ( s q . km ) 
Bhola I s land 1940 1722.0 
1963 
1979 
1985 
Total for 45 y e a r s 
Hatia I s l a n d 1940 
1963 
1979 
1985 
Total for 45 y e a r s 
Sandwip I s l a n d 1940 
1963 
1979 
1985 
Tota l for 45 y e a r s 
213.3 
70.0 
20.3 
303.5 
-
96.2 
38.9 
41.5 
176.6 
-
138.6 
82.9 
20 .7 
242.2 
65.0 
10.0 
2 .0 
77.0 
-
28.6 
10.9 
5.0 
44 .5 
-
14.3 
20.7 
-
35 .0 
(-) 148.3 
-(-) 60 .0 
(-) 18 .3 
(-) 226.6 
-
(-) 67 .6 
(-) 28 .0 
(-) 3 6 . 5 
(-) 132.1 
-
(-) 124.3 
(-) 62 .2 
(-) 20 .7 
( - ) 2 0 7 . 2 
1573.7 
1513.7 
1495.4 
+ 1495.11 
536.1 
468.5 
440.5 
404.0 
+ 404.0 
465.2 
341.9 
279.7 
259.0 
+ 259.0 
Source : LRP (1985) . 
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of accretion is always less than the total eroded a r e a s . It will 
be seen from Table 7.6 that the total area of the Bhola Is land 
was 1,722.00 i.q. km in 1940. In the process of g radua l erosion 
and accretion in th is deltaic is land the total land area v/as 
reduced to 1,495.11 sq . km in 1985. During the 45 years the 
is land has lost a total area of 303.6 sq . km through erosional 
process while it gained only an area of 77.00 s q . km through 
accretion during the same period. 
During this period the Is land of Hatia h a s lost a t i ta l 
of 176.6 sq. km of its area through erosion and gained 44.5 sq. km 
land through accret ion. The is land was reduced to 404.0 sq. km 
in 1985 from i t s total a rea of 535.1 sq . km during the las t 45 y e a r s . 
Similar s i tuat ion is seen in the case of the thi rd 
deltaic island — t h e Sandwip. This i s land lost about half of i t s 
total, land area dur ing the las t 45 y e a r s . In 1940, the total size 
of the is land was 466.2 sq . km which was reduced to 259.0 sq . km 
in 1985. During the period 1940-1985 the process of erosion has 
claimed 242.2 sq . km of the i s l a n d ' s area while the total accretion 
was of 35.0 sq . km. 
The Table further shows that dur ing th is period (1940 
to 1985) the ra te of erosion, accretion a s well as the ra te of the 
change in the tctal land areas of these three is lands have 
always maintained a harmonic sequence showing a decreasing 
rates of ercsion, accretion and change in the tc ta l area in the 
years under review. This trend indicates that in the recent 
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years the r a t e of erosion a s well as the accretion in the coastal 
off-shore i s l ands of the Ganges delta have decreased 
considerably. Although the changes in these old i s lands of the 
delta have slowed dov/n in the recent years the present study 
revealed that the r a t e of accretion has gained momentum in the 
del taic mainland along the south-eastern coast of the delta. 
Besides, numerous new off-shore i s lands and shoals have been 
emerging in the off-shore a reas of this p a r t of the del ta in the 
recent years ( i . e . , a s has been described in chapter-IV of the 
present t h e s i s ) . 
Besides the mouth erosional ac t iv i t ies in the eastern 
par t of the de l ta , noticeable erosional actions can be observed in 
the western p a r t of the de l t a . The la rge i s land of Sagar at the 
mouth of the Hoogli of the western pa r t of the Ganges del ta has 
also been experiencing th is type of land erosion where land 
erosion is severe in the south, east and west of the i s l and . The 
is land has lost subs tan t ia l land a reas dur ing the l a s t tvfo 
centuries due to erosion (Rob, 1989-a) . The same pic ture can 
also be noticed in the other old and l a rge r i s l ands l ike , Jambu 
Dwip, Lothian I s l and , Tat I s l and , Fraserganj I s l and and Putney 
Is land of the Sundarbans in the t ida l par t of the de l ta . In al l 
these deltaic is lands the processes of erosion and accretion have 
always been t ry ing to maintain a ba lance . As a result of these 
compensatory geomorphic processes the progression of the land 
a reas of the western Ganges delta towards the sea is very slc.v 
and since 1780 (v iz . , Rennell 's survey) the coastl ine along this 
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par t of the del ta has been showing a r a the r s t a t i c positon. 
Besides these r iver mouth areas of the Ganges delta 
which are prone to the fluvio-marine erosion the other important 
coasta l areas vulnerable to the marine erosion are the coastal 
t r ac t s of Pa tuakha l i and Barisal d i s t r i c t s (Bangladesh), 
south-western coast of the Sandwip Is land and the off-shore 
i s l ands of Manpura, Char Alexander, Dublarchar (south) and Char 
Kukri-Mukri of the coastal pa r t s of the Noakhali distr ict 
(greater) . The continuous at tacks of the sea-waves and the t idal 
actions erode the sea-facing fringes of the newly accreted lands 
and is lands in these a r e a s . Along these a reas stormy conditions 
characterized by high wind velocities from the open sea areas 
in i t ia te the process of erosion. Erosion in these a reas are 
normally associated with the slumping of the foreshore bed of the 
newly accreted l a n d s . The severe cyclonic surges which 
accelerate tlje t ida l actions along the coasta l a reas of the delta 
work effectively in the erosional act ivi t ies in these open and 
comparatively deeper coasts of the sea . The devasta t ing cyclonic 
surges of 1970 (Nov.) and 1986 have contributed to the massive 
erosional process in the coastal a reas of the south-eastern par t 
of the Ganges de l t a . The cyclone of 1986 have eroded a 
substant ia l p a r t of the newly formed off-shore i s land of Urir-char 
of the Young pa r t of the Ganges de l ta . 
C H A P T E R - v i i i 
PROCESS OF HUMAN INTERACTION IN THE GANGES DELTA 
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8.1 HUMAN INTERACTIONS IN THE GANGES DELTA : 
The Ganges delta is one of the most populous a reas of 
the World. More than 60 million people inhabi t this a l luvia l flat 
surface. Intensive agr icu l tura l practices provide the majority of 
the people of the delta their l ivelihood. A fa i r ly large number 
of people of the del ta are engaged in fishing indus t ry . Besides, 
several big and medium size ci t ies ( i . e . , Calcutta, Khulna, 
Jessore and Bar isa l ) and a t leas t two big sea-por t s have been 
developed in th is de l ta . Calcutta, Khulna, Chalna and some 
other p a r t s of the de l ta have turned into big commercial centres in 
the current cen tury . The deltaic r ivers and es tuar ine channels 
serve as the major t ranspor ta t ion l inkage between these indus t i ra l 
and commercial centres and the other p a r t s of the world. 
Thousands of sea- l iners and fishing t rawlers ply over these 
deltaic r ivers to car ry the produce of the del ta ic region to 
foreign l a n d s . 
The pressure of the ever increas ing population of the 
delta and the resu l tan t expanding demands for the new lands and 
extra space for agr icul ture , accomodation and other 
establishments ( i . e . , schools, roads , i ndus t r i e s , markets and 
recreat ional centres) have led to the encroachment and 
reclamation of the newly-formed deltaic lands and virgin 
mangrove forests of the Sundarbans . A vas t area of the 
Sundarbans, which is an important par t of the del taic ecosystem, 
has a l ready been encroached upon by the deltaic people. 
Besides, in the la t te r half of the current century ar. extensive 
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development act ivi t ies including the in f ra s t ruc tu ra l construction 
works have t aken place in the del taic l a n d s . The coastal a reas 
have also been experiencing significant development act ivi t ies in 
the recent y e a r s . The major developmental ac t iv i t ies includd : 
i) Cross-Dan Projects of the Meghna mouth a reas for 
land reclamation, 
i i ) Coastal Embankment Project ( CEP ) , 
i i i ) Land Reclamation Project { LRP ) of the BWDB, _. 
iv) Delta Development Project ( DDF ) , 
v) Muhuri I r r iga t ion Project ( MI? ) of BWDB, 
vi) In land and Coastal Navigation Development Schemes, 
v i i ) Sundarbans Development Project (West Bengal Govt.) , 
v i i i ) Chalna and Mongla Port Development Projects, 
ix) Calcxxtta and other West Bengal Sea Port Development 
Projects. 
Beside these major land and water improvement schemes 
many other small and medium scale development projects are 
being implemented in both the del taic p a r t s of Bangladesh and 
West Bengal ( India) . Hundreds of km new roads have been 
constructed and thousands of new houses and bui ld ings a re being 
eracted every yea r . Several thousand sq . kir of depressions and 
marshy lands of the Ganges delta have so far been reclaimed for 
agr icu l tu ra l and settlement purposes ( i . e . , the Salt lake of north-
western Calcutta city and Kalantar depressicr. of the Old delta) . 
In order to keep the decaying del taic r ive r s active dredging 
act ivi t ies have been going on in the var ious r ive r s of the de l ta . 
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All these large and small scale development activities have 
obviously been influencing the deltaic ecosystem and changing the 
morphology of the delta to a great extent. Along with the 
influences of various natural factors these un-checked and 
indiscriminate human interferences have led to the destruction of 
the forest resources as well as the vegetation coverage of the 
region, especially of the Sundarbans mangrove forests, pollution 
in the coastal region, intrusion of salinity in the productive 
deltaic inland areas and an increasing future threat of the Green 
House Effect in the deltaic areas. Moreover, the increasing 
human interference in the deltaic ecosystem has also enhanced the 
rares of erosion and siltation of the deltaic rivers and increased 
the severity and frequency of floods in the deltaic region in the 
recent years. 
8.2 INCREASE IN TEE POPULATION OF THE DELTA AND 
ENCROACHMENT IN THE DELTAIC LANDS : 
The Ganges delta is one of the densely populated 
regions of the world. More than 60 million people inhabit the 
deltaic land vfhere the density of population per sq.km presently 
is more than 990. The average growth rate of the population of 
the region is about 2.5 percent and every year nearly 1.5 million 
persons are added to the total population c: the delta. 
In 1941, the Ganges delta had a total population of 
about 22.5 million heads. In 1981, after 40 years, the deltaic 
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population underwent 107 percent increase with the total 
population reaching a level of near ly 46.5 million (Table 8 .1-a) . 
In 1941 the density of the del taic pouplation was 371 persons per 
sq .km. In 1981 it rose to 758 perosns per sq . km and presently 
the avcrge density of population in the Ganges del ta is at.out 
1000 perons per sq . km (v i z . , 990, es t imated) . Since 1951 to 
1991, the percentages of decadal increase in the del taic 
population renges from 21.52% during 1971 - 1981 to 32.50% during 
1961-1971 (Table 8 .1 -c ) . 
Calcut ta , 24 - P a r g a n a s , Noakhali and Khulna d is t r ic t s 
of the Ganges delta are the most thickly populated regions and 
the Sundarbans region of the t idal pa r t of the de l ta ( i . e . , south-
western coastal pa r t ) are the most sparse ly populated region in 
the de l t a . 
Table 8.1-b shows the changes in the population in the 
western par t (West Bengal) of the Ganges del ta from 1901 to 1981. 
In th is pa r t of the delta only about 5 million people l ived in 
1901. In 1981, after 80 y e a r s , more than 20 million people were 
recorded in th is p a r t of the de l t a . During th i s period, the 
western par t of the Ganges delta ( i . e . West Bengal portion) has 
experienced a 300 percent increase in populat ion. In 1951, this 
par t of the delta had a total population of about 10 million 
which doubled in the next 30 years ( i . e . , in 1981). 
Table 8.1-a, 8.1-b and 8.1-c and F ig . 8.1 show the 
changing population in the Ganges del ta . F igure 8.1 shov/es the 
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r a p i d r i s e in t h e p o p u l a t i o n in the d e l t a . 
TABLE 8 . 1 - a 
Increase i n Populat ion i n the Ganges Delta : 1941-1981 
( in mil l ion ) 
D i s t r i c t 1941 1951 1951 1971 1981 
M u r s h i d a b a d 
Nad i a 
24 - P a r g a n a s 
* * * 
C a l c u t t a 
F a r i d p u r 
B a r i s a l 
P a t u a k h a l i 
N o a k h a l i • 
Kus t ia 
l e s s o r e 
Khulna 
1.64 
^ 0.84 
3.57 
2 .12 
2.89 
* * 
3 .55 
-
2 .22 
1.76 
1.83 
1.94 
1.72 
1.14 
4.61 
2.55 
2.72 
2.77 
0.88 
2.07 
0.88 
1.64 
1.98 
2.29 
1.71 
6.28 
2.93 
3.18 
3.19 
1.08 
2.38 
1.17 
2.19 
2.45 
2.94 
2 .23 
8.45 
3.15 
4 .05* 
3.93 
1.50 
3 .23* 
* 
1.89 
3 . 3 3 * 
3.56 
3.70 
2.98 
10.73 
3.29 
4.77 
4.67 
1.85 
3.81 
2.27 
4.02 
4.35 
To ta l 22.45 22.95 28.84 38.26 46.44 
*1974 Census Report of B a n g l a d e s h ; **Combined P o p u l a t i o n of B a r i s a l 
a n d P a t u a k h a l i ; * * * C a l c u t t a c i t y p o p u l a t i o n . Sources : Census Repor ts , 
I n d i a a n d B a n g l a d e s h . 
Rapid r i s e in the p o p u l a t i o n in the d e l t a . T a b l e s 8 . 1 - a , 8 .1-b and 
8 .1-c a n d F i g . 8 .1 f u r t h e r show the t r e n d of t h e i n c r e a s e d of the 
d e l t a i c popu l a t i on which g a i n momentum s ince 1951. 
I n s p i t e of t h i s h u g e i n c r e a s e i n the d e l t a i c p o p u l a t i o n d u r i n g 
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the l a s t few d e c a d e s the to t a l a re= of the Ganges d e l t a h a s 
e x p e r i e n c e d o n l y a meagre i n c r e a s e d u r i n g the same p e r i o d . The 
v a s t fo res ted a r e a s of the mangrove r e g i o n of the S u n d a r b a n s in 
the s o u t h - w e s t e r n p a r t of the de l t a and d e p r e s s i o n s in the 
n o r t h e r n a n d c e n t r a l p a r t s of the d e l t a h a v e been enc roached upon 
by the d e l t a i c people for a g r i c u l t u r a l p u r p o s e , 
TABLE 8 .1-b 
Changes i n Poptilation in the Western Part of the Ganges Delta * 
1901 - 1981 
( i n mi l l ion ) 
D i s t r i c t 1901 1951 % of I n c r e a s e 
d u r i n g the 
l a s t 50 y e a r s 
1981 
3.70 
2.98 
10.73 
3.29 
% of I n c r e a s e 
d u r i n g t h e 
l a s t 30 y e a r s 
-
-
-
-
M u r s h i d a b a d 1.32 1.72 
Nad ia 0.77 1.15 
2 4 - P a r g a n a s 2.16 4.61 
C a l c u t t a 0.92 2.55 
Tota l 5.17 10.02 94? 20.70 107?; 
Source :Census Repor t s of I n d i a 
Only a b o u t two h u n d r e d y e a r s b a c k , d u r i n g t h e Survey 
Rennel l in 1964 - ' 70 , almost o n e - f i f t h a r e a of t h e Ganges d e l t a 
was mar shy a n d occup ied by d e p r e s s i o n s and a b o u t o n e - t h i r d of 
the d e l t a i c a r e a v\?as covered with the mangrove f o r e s t s . But 
p r e s e n t l y a lmos t a l l of the d e p r e s s i o n s a n d m a r s h e s of t h e d e l t a 
have been r e c l a i m e d a n d on ly abou t o n e - t e n t h of the Ganges d e l t a 
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i s occupied by the S u n d a r b a n s , t he r e m a i n i n g mangroves, of the 
d e l t a . 
TABLE 8 .1 -c 
C h a n g e s in the Population Density i n the Ganges Delta 
( P e r s o n s p e r sq .km ) 
Year Densi ty % of d e c a d a l i n c r e a s e 
1941 371 
1951 379 2.15 
1961 477 25.86 
1971 / '74 632 32.50 
1981 768 21.52 
1991 990 ( e s t ima ted ) 28.91 (es t imated ) 
At p r e s e n t only a sma l l po r t ion of the 2 4 - P a r g a n a s 
( i . e . , the s o u t h - e a s t e r n p a r t from the T h a k u r a n r i v e r i n the west 
and Gosaba i n the no r th ) of West Benga l ( I n d i a ) and s o u t h e r n 
p a r t of Khulna a n d a smal l por t ion of the s o u t h - w e s t e r n p a r t of 
P a t u a k h a l i d i s t r i c t of B a n g l a d e s h a r e covered with the 
S u n d a r b a n s fo res t . Enormous r e c l a m a t i o n a c t i v i t i e s in the 
S u n d a r b a n s fores t h a v e been going on s ince the b e g i n n i n g of the 
Br i t i sh r u l e in I n d i a ( i . e . , from 1770). Hovi-ever, t h i s p rocess of 
encroachment and r ec l ama t ion in the mangroves of the d e l t a i c 
r e g i o n in s t i l l c o n t i n u i n g . F i g u r e 8.2 shows the r e c l a m a t i o n of 
the mangroves of the S u n d a r b a n s in VJest Benga l bet-,/een 1770 and 
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1971. I t v^ill be seen from the F ig . 8.2 tha t during the British 
period ( i . e . , 1770 to 1947) most of the del taic mangroves of West 
Bengal v/ere encroached upon by the deltaic people. However, the 
r a t e of the reclamation considerably decreased after the 
independence of Ind ia . Although both Bangladesh and India 
consider the Sundarbans as reserved forests yet the increasing 
pressure of the population in the delta has led to encroachments 
in the Sundarbans . These process of encroachments in the 
mangroves of the Sundarbans, reclamation of the na r shes and 
depressions, digging of the numerous canals and sinking of the 
tube wells for i r r iga t iona l purposes, t i l l ing of the l ands and 
constructions of hundreds of thousands of new houses, bui ldings 
and new embankments, roads in the del ta ic l ands have caused 
severe damages to the ecological s i tuat ions and the morphological 
processes of the Ganges de l t a . 
8.3 DEVELOPMENT ACTIVITIES IN THE GANGES DELTA : 
Presently extensive development act ivi t ies have been 
tak ing place in both the p a r t s of the Ganges del ta in Bangladesh 
and V/est Bengal ( I nd i a ) . Among these act ivi t ies construction of 
embankments, cross-dams, roads , highv/-ays and ra i lways , digging 
of i r r iga t iona l cana ls , s inking of deep and shallow tube wells, 
ins ta l la t ion of indus t r ies , urban centres and ne^r ports and 
setting up of numerous new agr icu l tu ra l farms, shr imp-cul tural 
dykes and ponds are some of the noteworthy developr.ental ;vork5 
in the deltaic region. All these act ivi t ies of man have been 
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affecting the deltaic environment and obviously contributing to 
the morphological changes in the region and in most of the cases 
the effect of these human interference has proved to be negative 
in na tu re . All of these human actions in the deltaic lands 
required new space and the ultimate resu l t s of these act ivi t ies 
have always caused extensive encroachments on the forest covered 
areas or newly accreted deltaic l a n d s . These actions led to 
destruction of forests, soil erosion and the subsequent s i l tat ion in 
the r iver b e d s . In the recent years floods have become a very 
common and recur r ing phenomena in the del ta ic region, the causes 
of which also are obviously re la ted with these human interference 
in the del ta ic and the adjoining ecosystems. 
Some of the major development works, which have 
significantly been influencing the morphology of the de l ta , a re 
described he re . 
8.3.1 The Coastal Embankment Project : 
The Coastal Embankment Project (CEP) is one of the 
major delta development projects which covers nearly 13,000 sq.km 
area in Khulna, Bar isa l , Pa tuakha l i and Noakhali regions i n 
Bangladesh s tar ted in 1961. From 1967 the construction works of 
nev/ embankments or repa i r ing and s t rengthening of the exist ing 
embankments along the coastl ine, banks of the coastal r ivers and 
estuaries to form the individual maintenance units cr a reas were 
taken up as the components of the project. Under this project 
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the land reclamation sc'neri .s were s tar ted to work. Sluices were 
provided to remove the accumulated run-off of the surface water 
( i . e . , ra in-water ) within the polders . The CEP was divided into 
two phases . The P h a s e - 1 , which was scheduled for completion by 
1971 incorporated the development of 92 polder uni ts with about 
4000 km of embankment and 780 s lu ices . The p r inc ipa l aim of the 
Phase-I of the CEP was to protect a gross deltaic area of about 
one million hectares of which 0.8 million would be brought under 
cul t iva t ion . In 1987 the works of the Phase-I of the CEP was 
completed and the construction and development works of the 
Phase- I I of the CEP is s t i l l cont inuing. On completion the 
Phase- I I will include re la t ively less sal ine a reas and the 
unstable offshore i s lands of the south-eastern p a r t s of the Ganges 
de l ta . 
The evaluation of the completed polders of the Phase-I 
of the CEP reveals a very limited real izat ion of the expected 
benefits (Nishat, 1989). Moreover, a score of problems and 
l imitations have evolved as a resu l t of these constructions and 
development act ivi t ies in the region. Among these newly emerged 
problems of si l tat ion of r ivers and channels leading to dra inage 
congestion, breaching of embankments and the subsequent 
floodings, water logging and reduction of fresh water fishing 
grounds are important ones. Most of these problems are due to 
the lack of proper evaluation of the to ta l morpho-environmental 
'Polder ' is a Dutch term which has been adopted to designate 
the reclaimed bodies of del taic l ands in the coastal a r e a s . 
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systems in the implementation of the development project and 
fa i lure in the proper maintenance and management of the 
s t ruc tu ra l works of the project. 
8.3.2 Delta Development Project (DDP) : 
This project was under taken by the Bangladesh Water 
Development Board (BWDB) in 1981. The project, aided by Dutch 
Government, aims towards in tegra ted development of land, Virater 
and human resources of the del taic region with the objective of 
land reclamation and es tuary control. Several feasibi l i ty studies 
and pilot works have a l ready been s tar ted under this project 
among which, i) Pilot Polder Projects, i i ) Pilot a reas in the 
Polders , and i i i ) Delta Development Studies are worth 
mentioning. Besides, under this project extensive shrimp 
cult ivation schemes in the coastal region and some other specific 
water development projects have been taken u p . 
8.3.3 Land Reclamation Project (LRP) : 
The Land Reclamation Project (LRP) was taken up in 
1977 by the BWDB with Netherlands assis tance to carryout surveys 
and studies for the development of a long term plan on land 
reclamation and estuary control in the south-eastern deltaic 
region of Bangladesh. This project covers an area of about 
5200 sq . km between the Tetulia Channel of the Mighna (Padna) 
es tuary in the west to the Sandwip channel in the eas t . Under 
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Fiq . 8 . 2 : Reclamation of Land in the Sundarbans in the Western Part of t i a [ 
the Ganges Delta 
Source : Mukherjee (1983) 
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th is project several pilot study programmes and surveys have 
been conducted in the del taic areas and the appropr ia te 
technology and constructional p lans are being examined for 
appl icat ion and implementation in the deltaic project a reas for 
achieving the goals of the LRP. The completion of the project 
will lead to a considerable morphological change in the Young 
p a r t of the Ganges del ta along the mouth of the Padma-Meghna. 
8 .3 .4 Cross Dam Project (CDP) : 
This project incorporates the severa l cross-dams in 
Noakhali region of the Young de l ta . The aim of th is project is 
to enhance the accretion of new lands by a r res t ing the sediments 
of the Meghna mouth estuaries and control of erosion in the 
offshore i s lands of the region. The meghna cross-dam No.l , a 
12 km long ba r rage s t ruc ture , was constructed in 1957 across the 
heavily sil ted up channel of the Meghna between Rarngati I s land 
and the Noakhali mainland. As a resu l t of th is construction the 
flovf of the channel was diverted to the west and a new land 
area of more than 30,000 hectares was formed in the slack water 
adjacent to the cross-dam. This cross dam has also brought an 
impressive morphological change in the region which includes a 
shift in the course of the channel from east to west and the 
merger of the eastern par t of Ramgati and the northern p a r t s of 
Char Jabbar and Noakhali mainland. Besides, extensive 
sedimentation has occurred in the shallow water between Bhola 
and Hatia I s lands which has considerably enhanced the ra te of 
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accretion and shoal formation in the offshore areas adjacent to 
these i s l a n d s . A second cross dam between Char Jabbar and the 
mainland was constructed in the 1954 under the CEP. Some 50,000 
hectares of new land have been added to the Bangladesh area 
through the process of accretion enhanced by the ccnstruction of 
this cross dam (Fig . 8 .3 ) . The th i rd cross-dam will be 
constructed in the region which will connect the is land of 
Sandwip and with Noakhali mainland and cause a massive 
accretion of nev/ l and estimated a t 23,000 hec tares in the region 
(Nishat, 1989). 
The negat ive effect of the construction of these cross-
dams ( i . e . , 1st and 2nd) have s tar ted to be ncviced in the 
region. A high r a t e of s i l tat ion and i ts associated drainage 
congestion have been observed in the upstream areas along the 
northern course of the channel of this p a r t of the delta in the 
recent y e a r s . The frequencies and depths of floonings in the 
region have also increased in the recent t ime. The obstructed 
flow of the r iver water has further obstructed the smooth 
dra inage and has resulted water logging and an increase in 
sa l in i ty in the coastal a r eas at different places in th is part of 
the Ganges de l ta . 
8.3.5 Fa rakka Barrage and i t s Effects : 
Among the var ious constructional features which have 
influenced the morpho-ecological s i tuat ion of the Ganges delta, 
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the Farakka Barrage on the Ganges has caused the most 
significant change in the whole of the del ta ic region. This 
multi-purpose ba r r age was constructed by Ind ia on the Ganges 
17 km upstream of i ts border with Bangladesh. The ba r rage 
diverts the d ischarge of the Ganges through a feeder cana l into 
the Bhagirathi-Hoogli channel for the improvement of navigat ion 
and smooth functioning of the Calcutta Por t . The ba r rage was 
commissioned in 1974 and it s tar ted functioning from April , 1975. 
Just after the coimmissioning of the Farakka ba r rage 
Bangladesh s t a r t ed to experience a c r i t i ca l hydrological s i tuat ion 
especially in dry season of 1975-'76 (Abbas, 1984). From 
December (1975) the Ganges a t Hardinge Bridge began to record 
some exceptionally low water levels and discharges (Appendix - I I I ) 
The changes in the discharge and the water levels of 
the Ganges in the post-Farakka period have affected sa l in i ty , 
vegetation (especially the forests of the Sunda rbans ) , erosion and 
deposition of the whole deltaic region. 
The extreme northern limit of the sa l in i ty l ine moved 
inland from the normal 170km to 230 km north i . e . , about 60 km 
north from i t s former position in 1976, Besides, sa l in i ty at 
Khulna, a t ida l pa r t of the Ganges del ta , increased from the 
2 
normal p re -Farakka average of 500 to 1000 micro-mhos/cm to 
2 
13,D00 micro-mhos/cm in April, 1975 (Abbas, 1984). In 1983, the 
500 micro-mhos line reached about 13 km north of Kanarkha l i and 
penetrated upto 300 km inland from the mouth of the Passure and 
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the sa l in i ty observed at Khulna exceeded a l l past records, 
reaching 17,100 micro-mhos in April of that y e a r . This 
ex t ra -ord inary increase and deep-intrusion of sa l in i ty in the 
Ganges delta is due to the decrease in the dry-season flow of 
discharge in the Ganges due to the withdrawal of i t s flow at 
Farakka and the diversion of it to the Bhagirathi-Hoogly towards 
the western p a r t of the de l t a . 
Table 8.2-a and Table 8.2-b show the maximurr 
penetrat ion of sa l in i ty of 500 micro-mhos along different eas tern 
and western del ta ic es tuar ies for p re -Fa rakka and pos t -Farakka 
years and comparison of area under the l ine of equal sa l in i ty of 
different concentrations ( i . e . , 500, 1000 and 2000 micro-mhos) in 
the Ganges delta respect ively . 
The Table 8.2-a shows that sal ini ty level in the 
Meghna es tuary has also undergone considerable change in the 
recent y e a r s . The formation of numerous shoals and channel ba r s 
in the downstream section of the Meghna and obstruction in the 
es tuar ine flow by the cross-dams. Along the Shahbazpur Channel 
of the eas tern pa r t of the Ganges delta ( i . e . . Young p a r t ) the 
500 micro-mhos sal in i ty l ine was at a maximum distance (northern 
penetrat ion) of 105 km north of Char Fession in 1958 - - a 
p re -Farakka year . But jus t after the commissioning of the 
ba r rage the maximum penetration of the 500 micro-mhos sa l in i ty 
line reached 115 km in 1976, 120 km in 1977 and 197S 133 km from 
Char Fession along the Shahbazpur Channel. In the western pa r t 
383 
TABLE 8 . 2 - a 
Maximum Penetration of Sa l in i ty of 500 micro-
mhos Along different Estuarine Channels of 
the Ganges del ta i n the Pre & Post -Farakka y e a r s 
( D i s t ance i n km ) 
Name of 
E s t u a r y 
Dis tance 
From 
1968 1976 1978 1980 1982 1983 
S h a h b a z p u r Char Fess ion 105 115 118 115 116 115 
B i s h k h a l i P a t h a r g h a t a - - 50 24 40 '•A2 
P a s s u r Hiron Poin t 147 274 142 205 277 228 
P r e - F a r a k k a Year . Source : Nisha t (1989) 
TABLE 8 .2 -b 
Comparison of Area Under Line of Equal Sa l in i ty of 
different Concentrations i n the Ganges delta 
( maximum a r e a i n s q . k m ) 
S a l i n i t y l eve l 1968 
i n micro-mhos 
1976 1978 1980 1982 1983 
500 
1000 
2000 
18,600 26,300 21,500 24,300 24,600 17,600 
16,300 22,300 18,300 18,500 18,700 19,500 
13,500 20,200 16,100 16,800 14,S0O 17,000 
P r e - F a r a k k a Year . Source : Nishat (1989) 
384 
of the delta ( i . e . . Tidal Par t ) the 500 micro-mhos l ine was at 
147 km north of Hiron Point of the Sundarbans along the Passur 
in 1958. But in 1975, jus t after the cc-nmissioning of the 
Fa rakka Barrage , th i s l ine reached a t 274 km north of Hiron Point 
along the same r iver and in 1983 at 287 km deep to the north 
along the Passu r . The study has establ ished that this increas ing 
int rus ion of sa l in i ty in these p a r t s of the Ganges de l ta ( i . e . , 
western par t of the delta) depends mostly upon the quant i ty and 
durat ion of fresh water discharges from the upland in the region, 
especial ly from the Ganges through the Gorai-Madhumati system. 
In the western p a r t of the de l ta , due to the decreasing t rend of 
the dry season flow in the Ganges, the Gorai-Madhumati is 
receiving a very low discharge in the dry months and, as a 
resul t the sa l in i ty and the t ida l limits are penet ra t ing deeper 
into the northern p a r t s of the de l t a . 
Not only the problem of increased sa l in i ty in the 
Ind ian pa r t of the Ganges delta has worsened in the 
post-Farakka period, but the construction of the ba r r age has also 
failed to control the s i l t ing problem of the Hoogly estuary itself. 
Moreover, the ba r rage has been causing severe erosicn of land on 
the banks of the r iver both upstream in the Ganges and 
downstrea- in the Bhagirathi-Hoogly due to the sudden and 
unusual change in the hydro-dynamics of the channels (Abbas, 
1984). Farakka ba r rage fails to keep the Hcogly flow clear of 
the si l tat ion because of the stronger t ida l effects in the Hoogly 
es tua ry . Besides, the deter iorat ing discharges of the Damodar 
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and Rupnarayan, two Chhotanagpur s t reams, contribute 
subs tan t ia l ly to the s i l t ing problem of the Hoogly ( Bhat tacharya, 
1963) . Insp i te of the construction of the F a r a k k a b a r r a g e , as it 
has been observed in the recent years , i t can be sa id that the 
Hoogly r iver has been suffering from the heavy s i l t i ng , poor 
navigabi l i ty and increasing irosional problems in the 
pos t -Farakka per iod. 
8.3.6 Coastal Afforestation Programmes : 
Extensive afforestation act ivi t ies have been going on in 
the coastal belt of the Ganges delta in the d i s t r i c t s of Barisal , 
Noakhali and Pa tuakha l i of Bangladesh since 1965-'66. Till to 
date more than 1,50,000 hectares of old and newly accrete-d 
coastal lands and i s lands were brough under the different 
afforestation programmes taken up by the Department of Forestry 
of the Government of Bangladesh with the collaborat ion of various 
foreign agencies . The three major afforestation programmes which 
have been undergoing implementation in the coas ta l belt of the 
del taic regions of Bangladesh are , i) the Coastal Afforescaticn 
Project (CAP), i i ) the Mangrove Afforestation Project (MAP), and 
i i i ) the Second Forestry Project (MAC). The main objectives cf 
these projects are : to stabil ize the old land and the newly 
accreted del taic l ands and is lands in the coas ta l belt of the 
country, to check the erosion rate and to accelerate the 
deposional ac t iv i t ies in the coastal a r ea , to protect the 
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Coastal belt from the effect of cyclones and t ida l surges and 
to improve the ecological si tuation of the coasta l region of the 
country. 
Being encouraged by the in i t i a l success, the 
Government of Bangladesh took up the Afforestation project over 
50,000 hectares in the coastal a reas of the country, most of which 
fall within the del ta ic region of the dis t r ic ts of Bar i sa l , Noakhali 
and Pa tuakha l i , dur ing the '1st Five Year P lan ' of the country. 
The project was implemented during the period from 1974-'75 to 
1979-'80. Under this project another 30,000 hectares of 
p lanta t ions were ra i sed in the four coastal afforestaion divisions 
of which 3 fal l within the del taic regions of the country. 
All these p lan ta t ions are concentrated in the off-shore i s lands 
and newly accreted areas in the Bay of Bengal (Katebi and Bari , 
1989) a r e as a resu l t the erosion of the newly accreted land has 
been almost stopped and has helped the s tabi l iza t ion of the newly 
accreted lands and i s l a n d s . Moreover, the ra te of erosion in the 
afforested del taic lands and i s lands has been checked to a great 
extent . 
The Second Forestry Project, of which the Mangrove 
Afforestation Project an important component, was approved in 
1985 under which about 43,500 hectares of the coastal land of the 
deltaic region in Bangladesh was planted with various sui table 
mangrove species . 
Since 1955 to t i l l to-date a total of about 100,000 hectars 
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of the coastal land was successfully planted under the different 
afforestation programmes and another a rea of about the same 
figure would be afforested within the next five years ( i . e . , 
1991-1995). 
8.4 GREEN HOUSE EFFECT AND ITS IMPLECTION FOR GANGES DELTA : 
The Green House Effect in the form of the accumulation 
of the C0_ and Methane gases in the atmosphere of the ear th and 
the subsequent g radua l warming up of the atmosphere has 
appeared to be a future th rea t to the low ly ing a r e a s of the world, 
As one of the most flat and low lying a reas of the world the 
Ganges delta also is vulnerable to the probable future threa t of 
the Green House Effect. 
According to the Woods Hole Oceanographic • Ins t i tu te , 
USA, (1984), the average and pessimistically predicted scenario 
due to the global warming of the Green House Effect is tha t over 
the next 75 years there will be a sea-level rise between 1 m and 
3 m; more updated figures however put this value near ly 0.5 to 
1 m. The Table 8.3 summerises the predicted conditions that 
would be occurred in the Ganges delta and i t s adjoining areas 
due to the Green House Effect and the rise in the sea- leve l . 
The Table 8.3 indicates that both the predicted 
scenarios would cause a great damage and hazard to the 
lov/-Iying area of the Ganges de l ta . Rahman (1988) has predicted 
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that the possible impacts of the Green House Effect in the deltaic 
p la ins of Bangladesh will add to the normal na tu ra l calamities of 
the region to a great extent . According to his prediction the 
cyclones, storm surges and floods of the region would be 
intensified due to the influence of the Green House Effect in the 
region. There would be increased flow in the existing drainage 
system and a simultaneous d ra inage congestion which will cause a 
l a s t ing inundat ion in the region, intensifying the intrusion c: 
s a l i n i t y , inundation of the depression areas and rapid fluctuation 
in the climatic condition of the region. 
TABLE 8.3 
Predicted Situations in Ganges Delta and i t s 
Adjoining areas due to Green House Effect 
Predicted Situation 
Due to GHE 
Average Scenaric Worst Scenario 
2050/2100 A.D. 2050/2100 A.D . 
1. Total re la t ive rise 83/340 
of sea- level (cm) 
2. Absolute r ise of 13/220 
sea - level (cm) 
3. Subsidence of land (cm) 7 0 / 7 0 
4. Erosion of shoreline (cm) 1 / 2 
5. Loss of habi tab le land (%) 7 / 2 5 
6. Displacement of 7 / 3 0 
population (%) 
7. Reduction of mangrove 5 0 / 7 5 
a reas {%) 
153/460 
13/220 
140/220 
1.5 / 3 
16 / 34 
13 / 40 
75 / 92 
Source : Woods Hole Oceancgraphic Ins t i tu t ion , 1986. 
339 
F i g . 8 .4 : Approximate Area of the Ganges Delta that Wotiid be Affected 
by the Green House Effect 
Source : Wood Hole Oceanogrph jc I n s t i t u t i o n (1986). 
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Beside the predict ions of the Woods Hole Oceanographic 
Inst i tut ion (1986) the WMO/UNEP (1987) have outlined three GHE 
scenarios of which the Upper Scenario of sea- level and 
temperature r ise alongwith an associated increase in ra infa l l 
could be disas t rous for the Ganges delta where most of the 
coastal land with a vas t population l ies below the 3 m contour 
l i ne . According to the Upper Scenario of the WMO/UNEP (1987), a 
global climatic change with a change of 0.8°C temp, per decade 
will r ise to a total of average 5°C temp, in the next six decades. 
The temperature change would be accompanied by a global 
sea- level r ise of 150 cm during tha t period ( i . e . , 2050 A.D.) . 
This may lead to a r i se in the mean sea-level a t the apex of the 
EJay of Bengal from 1.0 to 2.0 metres. F igure 8.4 shows the 
approximate a rea of the Ganga delta and i t s adjacent a r ea s that 
would be affected or submerged under the elevated sea- level due 
to the GHE in the next century. The Fig . 8.4 shows tha t only a 
r ise of 1.0 m of the sea- level will submerge the whole of the 
coastal zone of the del ta and a 3.0 m rise will engulf more than 
half of the a rea of the Ganges de l ta . 
The Green House Effect and i t s subsequent r ise in the 
sea- level not only would ingulf a vas t land a rea of the Ganges 
del ta but the impact of it would also be shed in the fluvio-
morphological aspects of the de l ta . A higher sea- level will 
pond-back the r ive r s , which will necessari l ly sp i l l overbank and 
s t a r t to deposit most of their sediment load in the r iver bed and 
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f lood-plains. As a result the r iver beds will r ise and cause 
extensive inundat ions of grea ter magnitudes. Besides, s i tuat ion 
vdll be further deter iorated by the possible climatic change 
associated with heavier r a in f a l l and more frequent severe storms 
and cyclones (Rashid, 1989). This will presumably lead to 
extensive and severe erosion in the Himalayas and the sediment 
load in the Ganges and Brahmaputra systems will considerably 
increase . Thus the Green House Effect and i t s consequent r ise in 
sea- level and increase in the intensi ty of r a in fa l l may destabil ize 
the existing hydrographic set t ings of the Ganges del ta and i ts 
surrounding a r e a s , l e a d i n g to marked shifts in the channels of the 
region, increase in the frequency, intensi ty and a r e a of floodings 
and increase in sedimentation in the lower reaches of the deltaic 
channels . This may cause a renewed process of accretion in the 
newly submerged a reas of the encroachment of sea- level r ise 
where higher t ides will check the flow of the sediment enriched 
streams effectively. In this way, with the r i se of sea- level due 
to the Green House Effect the huge loss of the del ta ic land may 
be compensated, perhaps to some extent, by the increased ra te of 
formation of newly accreted lands through the renewed process of 
a much accelerated action of coastal sedimentation in the 
changed environmental s i tuat ion in the region. 
C H A P T E R - IX 
C O N C L U S I O N 
39: 
9.1 DISCUSSIONS : 
The da l ta of the Ganges deserves much attention for i t s 
var ious significant charac te r i s t i cs . The life and livelihood of 
more than 60 million inhab i tan t s of the del ta depends mostly upon 
the fluvial system of the region. The del ta i s formed due to the 
depositional actions of the three mighty r ivers the Ganges, 
Brahamaputra and Meghna which fall in the Bay of Bengal. 
Innumerable del taic s treams, d i s t r i bu ta r i e s , es tuar ies and t idal 
creeks have been ceaselessly changing the morphology of the 
del ta ic l a n d s . Agriculture constitutes the mainstay for most of the 
people of the de l ta . In the development of agr icul ture , 
communication and commerce of the region the de l ta - r ivers play 
v i t a l ro le . These streams or the dis t r ibutor ies of the Ganges have 
been serving the whole delta as l i fe-saving ar ter ia l -sys tem of the 
region. 
If the geo-tectonic s i tuat ion of the de l ta ic region of the 
Ganges and its surrounding areas is considered, i t becomes evident 
tha t along with the fluvial and maritime influences the tectonic 
and geological factors have also influenced the various 
geomorphological processes in the Ganges de l ta . Above a l l , the 
recent population explosion and i ts r e su l t an t human interactions in 
the del taic region have led to some obvious influences on the 
morphological and hydrological changes in the de l ta . 
The findings of the present study reveal tha t the 
enormous spa t i a l expansion and some environmental diversifications 
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have brought marked var ia t ions in the phys iogrephic character is t ics 
of the different pa r t s of the ganges de l t a . The northern and 
nor th-eas tern pa r t s of the delta show a meagre land-bui lding 
act iv i ty as the streams of these pa r t s of the delta are elmot 
dying-out; the eastern and south-eastern p a r t s have been shaping 
and reshaping their morphological charac te r i s t i cs continuously by 
the erosion and deposition of the active r ivers of the region; while 
the southern and south-western pa r t s of the delta have been 
formed predominantly by the t ida l actions of the Bay of Bengal. 
The study of the general physiographic condition of the Ganges 
delta indicates the existence of four dis t inct physiographic regions 
of the de l ta . These are , the old del ta , the Mature de l ta , the 
Young delta and the Tidal de l ta . In each one of these 
physiographic sections of the delta var ied morphological and 
hydrological s i tuat ions p reva i l . The processes of ercsion, 
deposition and the mode of fluvial t ranspor ta t ion along with the 
resu l t an t morphological features in the Ganges delta exhibit some 
var ied and distinct character is t ics in each of these four 
physiographic divisions of the de l t a . 
The findings of the present s tudy indicate that the 
r ivers of the northern and nor th-eas te rn regions of the delta 
( i . e . . Old de l ta ) a re becoming defunct and a stage of s tagnat ion 
in the s i l t ing process and the flow of water can be observed in 
this p a r t of the de l t a . Many of the channels of the Ganges which 
led to the formation of the Old pa r t of the delta to-day have nuch 
less flow of water and sediments. The exact cause of th is decay 
j y b 
of the delta a r t under invest igat ion. One of the causes that is 
a t t r ibu ted to lesser quanti ty of flow of water is tectonic or a 
slow uplift of the a r ea . Hov/ever, definite cause can not be 
ass igned . The streams of the centra l , eas te rn and south-eastern 
pa r t s of the delta ( i . e . . Mature and Young pa r t s ) are 
pa r t i cu la r ly active and the coastal channels and the creeks of 
the t ida l pa r t of the delta are under the marine influence. In 
these southern pa r t s of the delta ( i . e . . Tidal and Young delta) 
both the marine and the fluvial processes of land formation are 
ac t ive . Due to the higher ra te of sedimentation the southward 
progression of the delta is going on. However, this progression 
of land towards south is noticeable in the sou th-eas te rn par t of 
the de l ta . 
The resul ts of the present study further reveal that the 
var ious major and minor streams of the delta alongwith the main 
channel of the Ganges ( i . e . , Padma) have experienced significant 
changes in thei r courses during the last two hundred y e a r s . The 
exist ing land form of the Ganges del ta and i t s changing 
morphology is not the outcome of a single morphogenic process — 
ra ther these changes are due to the combined actions of a set of 
environmental and tectonic s i tuat ions of the region. 
9.2 MAJOR FINDINGS : 
The major findings of the present study can be stated 
as follows : 
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i) The main channel of the Ganges (Padma) is very 
unstable in na tu re . It keeps on changing i ts course, banklines 
and thalweg constantly. In the las t two hundered years the 
main channel of the Ganges (Padma) as well as the other major 
channels of the delta have experienced significant change in their 
Courses. 
ii) During the l a s t two hundred yea r s , s ignif icant changes 
have occured in the var ious morphological features of the Ganges 
de l ta . Among these, the changes in the shape, size and location 
of the delta and its var ious r ivers and i s l ands , shr inking-up of 
the del taic swamps or jheels and the changing coastline of the 
del ta need to be mentioned. 
i i i ) The process of del ta-bui lding or the accretion of the 
new deltaic land in the sea is s t i l l continuing and the ra te of 
accretion is higher and faster in the eastern coast of the Ganges 
delta ( i . e . , in the Ganges-Meghna mouth area) than the western 
coast . ' 
iv) Most of the old and l a rge r off-shore i s l ands of the 
Ganges del ta , like the Bhola, Sandwip, Hatia, Rabonabad i s l ands , 
a re becoming smaller by the action of erosion while the deltaic 
area in the mainland ( i . e . , coastal belt) is increas ing 
considerably due tc the accelerated ra te of accret ion. 
v) The findings of the sedimentological tes ts of the 
samples of the four physiographic divisions of the Ganges delta 
show some spat ia l var ia t ions in the different phys ica l and 
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chemical properties of the sediments of the different p a r t s of the 
de l ta . However, s i l ts constitute the most wide spread tex tura l 
component in a l l the morphological un i t s in the a l l four 
physiographic divisions of the de l ta . The sa l in i ty and pH values 
are higher in the coastal a reas ( i . e . , Tidal and Young par t s of 
the delta) of the delta and the highest concentration of the 
organic matters is observed in the sediments of the Sundarbands 
of the Tidal de l ta . 
vi) Human interact ions , i . e . , .encroachments in the del taic 
mangrove forests, reclamation of the swamps and newly-formed 
i s l ands , massive deforestation in the Sundarbans and coastal 
afforestation ac t iv i t ies , construction of embankments, cross-dams, 
roads and withdrawal of the Ganges water through the 
Bhagirathi-Hoogli channel have been signif icantly affecting the 
morphological set t ings of the de l ta . 
vii) The present study reveals that the Ganges del ta is 
bas ical ly a river-dominated one, where the Ganges, Brahmaputra 
and Megna, three major r iver systems of the world have been 
p laying a combined role in the formation of the de l ta . 
The idea of "a s ta t ic coastlLne" and "s tagnant delta-
building process" in the Ganges delta is null i f ied. Moreover, the 
present study has disproved the idea that in the western coas: of 
the Ganges delta the process of delta-formation was more 
pronounced and active than that in the eastern coast . The 
present study clealr ly indicates that in the recent years ( i . e . . 
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during the last three decades) significant progression or 
accretion of land is taking place in the eastern coast of the 
de l ta . Since Rennell 's survey ( i . e . , 1780) the western coast of 
the delta has been showing a r a the r s ta t ic position. The poor 
land-bui ld ing trend in the western coast of the delta is due to 
the poor hydrological conditions of the r ivers of the north-western 
and western portions of the delta and the unfavourable 
oceanographic si tuations of the western pa r t of the shelf of the 
Bay of Bengal. The presence of the 'Swatch of No Ground' and 
the continuous flow of the long-shore currents of the 
north-western Bay of Bengal, which face almost no resistance 
along this pa r t of the deltaic coast , are effectively hampering 
the sedimentation in the western coast of the Ganges de l ta . As a 
resul t of these maritime influences and the fluvial inadequacy the 
progression of the delta in this p a r t is almost s ta t ic or meagre. 
On the other hand, the huge supply of sediments from up- land 
a reas ( i . e . , catchments) carr ied by the Ganges, Brahmaputra and 
Meghna into the nor th-eas tern flank of the shallovr and wider 
off-shore shelf region of the Bay of Bengal adjacent to the mouth 
of the Ganges finds a ra ther favourable s i tuat ion for effective 
accumulation with regard to expansion of the a r i a l extent of the 
delta and thus the deltaic progression gains momentum in this 
pa r t of the de l ta . 
The present study reveals some fluvio-morphological and 
environmental problems of the Ganges de l ta . Among the various 
problems the following are noteworthy. 
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i) The problem of dying up or decay of the deltaic 
r i v e r s . This problem is acute in the north and north-wesrern 
p a r t s of the del ta . Some of the r ivers of the cent ra l pa r t of the 
delta also show such problem. 
i i) The problem of the continuous and abrupt shifts in 
the courses of the deltaic r ivers which is essent ia l ly associated 
with the enormous erosion in the banks of the de l ta ic s t reams. 
i i i ) There is poor dra inage and water logging in the 
cent ra l par t of the de l ta . 
iv) There is increased r a t e of sa l in i ty in t rus ion in the 
western and south-western pa r t s of the de l ta . 
v) The r iver banks and off-shore i s l ands suffer from 
extensive erosion. The erosion problem is much acute in the old 
and l a rge r del taic is lands in the eastern p a r t of the de l ta . The 
problem of bank erosion is pronounced in the major active 
channels in the eastern and south-eastern p a r t s of the de l t a . 
vi) The si l tat ion in the r iver beds and the choking up of 
the channels are observed almost every where in the Ganres 
de l ta . 
vii) There is increasing r a t e of floodings, cyclonic surges 
and t ida l bores in the de l ta . The cyclonic surges and t i f a l 
bores usually affect the coastal t r ac t s and the off-shore is lands 
of the del ta . 
vii i) There is increasing human interference including 
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encroachments in the mangrove forests and reclamations of nev/ly 
accreted del taic l ands , through deforestation removal of vegetation 
covers have led to acceleration in the ra te of s i l ta t ion in the 
r iver beds and erosion of the banks of the r ivers of the del ta . 
The increasing actions of human interference in the Ganges delta 
have created ecological problems in the deltaic region. 
All the physical or the morphological problems of the 
Ganges delta have been adversely affecting the agricul ture and 
communication of the region. 
9.3 RECOMMENDATIONS : 
For the acceleration of the ra te of accretion of the 
del taic lands and in order to check the erosion in the r iver 
banks and coastal i s lands of the del ta , immediate and 
appropr ia te measures need to be in i t ia ted which are suggested 
here . 
For the overal l improvement and development of the 
Ganges delta i ts r ivers and estuaries should be kept active and 
a perfect measure for the maintaining the geo-ecolcgical balance 
in the del taic and coastal systems of the region must be chalked 
out. In order to achieve such goals an integrated and 
mult idiscipl inary 'Delta Development Programme' should be 
formulated viith the joint in i t ia t ives of India and Bangladesh 
Governemts. Some of the points which may be incroporated in 
this proposed 'Delta Development Programme' are recommended 
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bel-ov/. 
i) A comprehensive masterplan for the develcpment cf the 
Ganges del ta on the basis of an in tegra ted and muliidisciplmary 
perspective may be under taken. 
i i ) Considering the dynamic na ture of the deltaic 
processes especially the constant changes in the del ta-r ivers and 
coastline of the del ta regu la r monitoring of these changes should 
be under taken. In such monitorings the use of satelli te 
imageries along with the aer ia l reconnaissance surveys and the 
ground level surveys can be of great he lp . 
i i i ) A systematic study of the changes in the landuse in 
the deltaic region should be made. The in tegradon of the 
environnenta l considerations in the landuse planning and i t s 
managenent can also be suggested for the de l ta . 
iv) Effective steps for stopping erosion on the r iver banKs 
and off-shore is lands should be under taken . For this purpose 
the lon^-'term and short-term measures including dredging in the 
sil ted course of the del taic r ivers and es tua r i e s , s t ructural 
constructions l ike groins, embankments, sluices and ether suitable 
engineering techniques can be applied in the different 
erosion-prone a reas of the de l ta . 
v) To accelerate the process of accret irn in the 
off-shore a reas of the Bay of Bengal an elaborate bathyrrstric 
survey should be conducted and appropr ia te p lan should b = 
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formulated. Measure should be taken to a r res t and sat t le down 
the high-yield sediments at the 'concentration zone' of the Bay of 
Bengal. New cross-dams can be constructed to check the erosion 
and accelerate the accretion in the sui table a reas of the off-shore 
shallow shelf region of the Bay of Bengal . Besides, some 
la t i tud ina l and logi tudinal dams and dykes near the off-shore 
zone of the delta can be constructed to create hindrance to the 
t idal and off-shore currents so tha t sediments may not be 
washed away to the deeper pa r t s of the sea . 
vi) Newly accreted deltaic lands and i s l ands should be put 
under sufficient t ree p lanta t ion immediately after their formation 
for consolidation and s tab i l iza t ion . Besides, i l l -p lanned and 
unscientific encroachments and reclamations in the deltaic 
mangroves and newly-formed lands should be checked. 
vii) An advanced centre for the s tudies and researches on 
the various morpho-ecological aspects of the Ganges del ta should 
be established where joint s tudies may be conducted by the 
experts of India and Bangladesh. Besides, scientific knowledge 
and technical know-how can be importe-d from the advanced 
countries in the deltaic and environmental s tud ies . In the 
inst i tute may promote studies on the impact of human 
interferences and interact ions in the delta-ecosystem including the 
environmental, biological, socio-economic and other related 
subjects . 
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APPENDIX - I 
Some F luv iomorpho log ica l In fo rmat ion abou t I m p o r t a n t De l tas of t h e World 
Rive r Country Dr inage Delta Mean S e d i n e n t T i d a l Range 
System Area Area Discharge Yield a t Mouth 
(OOOsq.km) (sq.km) (QQ m^/sec) (000,000 ( ^ e t r e ) 
t o n s / y e a r ) 
Ganges B a n g l a d e s h 
I n d i a 
M i s s i s s i p p i 
Missour i 
Nile 
Mekong 
I r r a w a d d y 
Niger 
P a r a n a 
Lena 
I n d u s 
Yukon 
Danube 
Rhone 
Mackenzie 
Zambezi 
Volga 
Amazon 
Yangtze 
Source : 
USA 
Egypt 
Vietnam 
Mayanmar 
Niger ia 
A r g e n t i n a 
USSR 
P a k i s t a n 
USA 
Romania 
F r a n c e 
Canada 
Mczambieque 
USSR 
Braz i l 
Chaina 
L) J.M. Col 
1,621 
3,221 
3,349 
795 
411 
1,890 
4,144 
2,490 
1,166 
828 
815 
96 
1,841 
1,330 
1,350 
7,050 
1,959 
eman , 'Di 
60,500 
26,159 
20,228 
50,000 
19,943 
35,260 
14,245 
25,900 
7,770 
5,802 
4,299 
1,583 
12,200 
7,148 
9,970 
E s t u a r y 
E s t u a r y 
s l t a i c 
385 
184 
31 
110 
130 
51 
220 
153 
55 
59 
72 
17 
113 
71 
80 
1,800 
340 
Evolu t ion ' , 
2,400 
495 
-_.122 
187 
330 
5 
150 
12 
480 
-
80 
-
-
-
233 
-00 
530 
E n r / c l o p a 
5.60 
0.50 
0.50 
3.50 
5.50 
2.20 
1.00 
0.30 
4.20 
1.20 
0.09 
0.20 
0.40 
4.00 
-
5.70 
4.20 
edia of 
Geomorphology, (1963), p . 256; and 
i i ) J.M. Coleman, ' R i v e r D e l t a s ' , Encyc lopa2d ia B r i t a n i c a , 
Vol. 15, (1981), p . 868. 
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APPENDIX - I I 
Estuarine and off-shore I s l ands of the Young pa r t of Ganges Delta 
Code No. 
in Map 
Is land 
( Char ) 
Area Shore Average Average 
(sq.km) Length Length Width 
( km ) ( km ) ( km ) 
1 Char Paschim 
Chali tabunia 
2 Chali tabunia 
3 Agunmukhar Char 
4 A. Bara Baisdia 
B. Tula ta l i 
C. Char Moudubi 
D. Char Bagala 
5 Latar Char 
6 A. Char Imarson 
B. Char Kuralia 
C. Chhota Baisdia 
D. Char Tazamal 
E. Char Galbunia 
F . Rangabal i Char 
G. Char Jamuna 
7 
8 
9 
10 
11 
12 
13 
Ch 
Ch 
ar Kasem 
ar Bagala 
Majhir Char 
(Char Sandhani) 
Ch ar Hare 
Sonar Char 
Ani 
A. 
B. 
C. 
D. 
E. 
der Char 
Char Manika 
Char Bastin 
(Char Nalua) 
Char Margaret 
Char Lakshmi 
Char Momtaz 
7.306 15.325 7.005 
11.991 22.032 9.797 
3.408 0.751 0.358 
61.649 45.158 19.158 
23.610 25.999 9.113 
106.809 47.895 
5.677 11.424 
1.085 3.968 
1.124 8.072 
8.992 12.862 
8.619 12.315 
5.996 9.305 
14 Char Manika 
63.711 
3.18: 
33.937 
7.562 
12.452 
2.735 
0.957 
1.243 
0.122 
2.914 
1.778 
5.872 
4.187 
1.258 
3.598 
4.551 
4.049 
3.557 
7.579 
1.721 
1.231 
0.592 
3.324 
2.477 
1.874 
7.935 
1.368 
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Code No. 
in Map 
I s l a n d 
( Char ) 
Average Area Shore Average 
( s q . k m ) Length Length Vi'idth 
( km ) ( km ) ( km ) 
15 A. Siber Char 
B. Char Kajal 
C. Char Biswas 
D. Char Agas t i 
E . Char Nazir 
(Char Mander Bonia) 
F . Char Mohiuddin 
G. Char K a p a l i b e r a 
15 
17 
18 
19 
20 
21 
22 
23 
24 
25 
25 
27 
28 
29 
30 
31 
32 
Source 
Char pel low 
Char Jamir 
A. Char P a t i l a 
B. Char Kukr i -Mukr i 
Char Hakim 
Char D h a l / 
Char Sat ten (Bhola) 
Char Nizam 
Nijhuradwip 
Hat ia I s l a n d 
Char P a t a l i a 
Char Sakuch i a 
Char 3 a i r a g y a 
Manpura 
Char Dhal (Noakhal i ) 
Moula\ ' l r Char 
Bhola I s l a n d 
Char G a z a r i a 
(Hazir Cha r ) 
Char Medua 
: L a n d s a t Imagory (197^ 
142.787 57.749 22.169 
7,858 12,042 3.594 
1.686 6.841 1.997 
34.478 25.569 10.572 
2.435 6.148 2.325 
8.519 11.042 3.174 
4.851 8.278 2.737 
15.364 14.779 4.935 
383.555 103.977 43.515 
11.616 15.421 
18.739 19.842 
5.434 9.852 
6.744 10.727 
6.841 
44.973 23.053 11.768 
8.073 
39.912 37.221 16.283 
10.868 15.188 5.884 
12.554 14.505 5.747 
1419.877 233.184 95.791 
4.241 
2.32: 
8.634 
2.325 
1.368 
4.679 
0.957 
2.749 
2.188 
4.104 
12.236 
1.358 
5.199 
3.421 
3.147 
2.737 
2.600 
19.952 
1.094 
: . 325 
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APPENDIX - IV 
Lis t of Some E a r l i e r European Maps of Bengal & the Ganges Delta 
No. M a p s / C h a r t s Year 
1. C a n t i n d ' s map of Benga l a n d Delta 1502 
2 . Map of F r a n c i s c o Rodr igues 1513 
3 . Map of Pedro Reinel 1517 
4 . Map of Jorge Reinel 1518 
5 . Map of Diego Reber to 1529 
6. Map of Jean de B a r r o s 1550 
7 . World map of Lopo Homer 1554 
8. Map of Benga l by G a s t a l d i 1561 
9 . Atlas of L a z a r o Luiz 1563 
10. At las of Diego Homer 1568 
1 1 . At las of Vaz Dourado 1568 
12. Atlas of Bar to lmeu Lasso 1590 
13 . Map of I n d i a b y F a t h e r Monser ra te 1590 
14. Map of G. Merka to r ' 1612 
15 . Map of Benga l by Joao De Narros 1615 
16. Map of Benga l b y W. Baffin 1619 
17. Map of Benga l by Bern ie r 1655-1668 
18. Map of Benga l by C a n t e l l i Da Vignol la 1683 
19 Map of E a s t I n d i e s (Benga l ) by Herman Moll 1710 
20. Map of Benga l by Van dan Broucke 1650 
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APPENDIX - V 
List of the Villages on the Ganges Main Channel 
No. 
1 
2 
3 
4 
5 
5 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
Village 
Khalilpur 
Rajarambari 
Sukdebpur 
Chandni 
Purshahat 
Char Raghunatpur 
Daulatdia 
Dana 
Baliadangi 
Kharia 
Enayetpur 
Char Latakhola 
Sattar j i tpur 
Char Bhadrasan 
Munshir Char 
Rehani Rahamnagar 
Char Bilaspur 
Muzaffarbad 
Char Kalikapur 
Dakshin 
Medinimondal 
Bhojgaon 
Raghunath 
Beparir Kandi 
Kander Char 
District 
Pabna 
Pabna 
Far idpur 
Far idpur 
Far idpur 
Far idpur 
Far idpur 
Dhaka 
Dhaka. 
Dhaka 
Dhaka 
Dhaka 
Dhaka 
Far idpur 
Far idpur 
Far idpur 
Dhaka 
Dhaka 
Dhaka 
Dhaka 
Dhaka 
Far idpur 
Far idpur 
No. 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
Village 
Sathal 
Si lparan 
Daulatpur 
Rait a 
Lalpur 
Sara 
Paksey 
Kasba 
Pabna 
Ghoshipur 
Pirpur 
Sujanagar 
Sengram 
Satbar ia 
Habaspur 
Malphia 
Barkhanpur 
Maliat 
Anyaypur 
Nali 
Aricha 
Char Bhadrason 
Char Hariumpur 
District 
Dhaka 
Dhaka 
Kustia 
Kustia 
Rajshahi 
Rajshahi 
Pabna 
Kustia 
Pabna 
Pabna 
Pabna 
Pabna 
Pabna 
Pabna 
Far idpur 
Pabna 
Pabn 
Far idpur 
Manikganj 
Manikganj 
Manikganj 
Far idpur 
Far idpur 
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No. Village District 
47 
48 
49 
50 
51 
52 
53 
54 
55 
55 
57 
58 
59 
60 
61 
62 
63 
64 
65 
65 
Daulatdia Ghat 
Deonapur 
Ranipur 
Jagannathpur 
Radhakantapur 
Char Baghadanga 
Kandua 
Madanpur 
Ta lba r ia 
Chak Narahanpur 
Madhugari 
Phi l ipnagar 
Madhabpur 
Udpur 
Diar S^nkarpur 
Khetpur 
Char Atra 
Kunder Char 
Janjira 
Bilaspur 
Fer idpur 
Rajshahi 
Rajshahi 
Rajshahi 
Rajshahi 
Rajshahi 
Jaipur , India 
Godagari, Rajshahi 
Charghat , 3.aj5hahi 
Rajshahi 
Kustia 
Kustia 
Kustia 
Rajshahi 
Rajshahi 
Rajshahi 
Far idpur 
Far idpur 
Far idpur 
Far idpur 
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APPENDIX - VI 
Hydrologic Data of the Ganges at Hardinge Bridge 
( 1969 - 70 ) 
Month 
A p r i l 
May 
June 
Ju ly 
Augus t 
September 
October 
November 
December 
J a n u a r y 
F e b r u a r y 
March 
Source : BWDB, 
Water l e v e l 
in meter 
5.475 
7.297 
9.208 
13.140 
14.613 
13.262 
10.049 
S.056 
7.897 
7.175 
6.809 
6.770 
D h a k a . 
D i s c h a r g e 
in cumec 
1720 
2380 
5970 
30000 
54600 
34500 
9250 
6170 
3740 
2670 
2400 
2510 
Area in 
M 
5750 
6350 
7320 
11400 
17800 
15500 
i930 
7850 
E440 
5450 
5090 
i440 
Width 
in meter 
874.8 
896.1 
960.1 
1539.2 
1649.0 
1539.2 
1143.0 
1011.9 
963.2 
954.0 
951.0 
951.0 
Velocity 
in m/sec 
0.299 
0.375 
0.745 
2.669 
3.067 
2.212 
1.036 
0.786 
0.581 
0.'490 
0.472 
0.565 
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APPENDIX - VII 
Hydrologic Data of t h e Ganges a t Ha rd inge Br idge 
( 1983 - 84 ) 
Month 
Apr i l 
May-
June 
July 
Augus t 
September 
October 
November 
December 
J a n u a r y 
F e b r u a r y 
March 
Source : BWDB, 
Water l eve l 
i n meter 
5.635 
7.195 
7.950 
11.705 
13.495 
14.540 
11.070 
8.933 
7.530 
7.258 
6.440 
6.130 
D h a k a . 
D i s c h a r g e 
i n cumec 
889 
1940 
2680 
14700 
29600 
52500 
11700 
5200 
2660 
2070 
1410 
1000 
Area in 
M^ 
4378 
6127 
7798 
12851 
17413 
18992 
14649 
10903 
884 2 
8345 
7568 
6831 
V/idth 
in meter 
1300 
1430 
1526 
1584 
1600 
1645 
1556 
1559 
1559 
1410 
1395 
1334 
Velocity 
in m/sec 
0.238 
0.317 
0.344 
1.147 
1.699 
2.758 
0.797 
0.450 
0.301 
0.248 
0.186 
0.129 
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APPENDIX - VI I I 
Average D i s c h a r g e of t h e Ganges a t Ha rd inge B r i d g e 
( in cumec } 
Year 
Maximum 
Discha rge 
Month 
Minimum 
Discha rge 
Month 
1965 - 66 
1956 - 67 
1967 - 68 
1968 - 69 
1969 - 70 
1970 - 71 
1972 - 73 
1973 - 74 
1974 - 75 
1975 - 76 
1975 - 77 
1977 - 78 
1978 - 79 
1979 - 80 
1980 - 81 
1981 - 82 
1982 - 83 
1983 - 84 
Source : BWDB, 
36800 
41900 
50800 
45200 
55200 
48700 
382C0 
50700 
50700 
51100 
65400 
51100 
67900 
36900 
57800 
47900 
616C0 
60300 
D h a k a . 
September 
September 
September 
Augus t 
August 
August 
September 
September 
September 
August 
September 
August 
August 
Augus t 
August 
August 
September 
September 
1750 
1420 
1360 
1660 
1690 
2030 
2240 
1930 
1770 
657 
696 
889 
1210 
874 
877 
877 
695 
696 
March 
March 
Apri l 
May 
Apri l 
Apr i l 
Apri l 
Apr i l 
March 
March 
Apri l 
Apr i l 
March 
March 
March 
Apr i l 
March 
Apr i l 
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APPENDIX - IX 
Discharge of the Ganges at Mawa 
( in cumec ) 
Year 
1956 -
1967 -
1968 -
1969 -
1970 -
1972 -
1973 -
1974 -
1976 -
1977 -
1981 -
1982 -
1983 -
Source 
67 
58 
69 
70 
71 
73 
74 
75 
77 
78 
82 
83 
84 
: BV/DB, 
Maximum 
D i s c h a r g e 
85200 
69200 
9100 
98200 
85200 
78600 
100400 
111000 
84400 
99900 
77300 
65400 
84600 
D h a k a . 
Month 
September 
Ju ly 
August 
August 
August 
August 
Augus t 
Augus t 
September 
September 
August 
September 
September 
Minimum 
Di scha rge 
5660 
4980 
5550 
6060 
4870 
4980 
4190 
3340 
3310 
3520 
3530 
3780 
5730 
Month 
J a n u a r y 
March 
F e b r u a r y 
F e b r u a r y 
March 
F e b r u a r y 
F e b r u a r y 
F e b r u a r y 
F e b r u a r y 
March 
March 
March 
F e b r u a r y 
A31 
APPENDIX - X 
Water Level of t h e Ganges a t Rampur Boeilia ( R a j s h a h i ) 
( Mean Daily in Metre ) 
Year 
1965 - 66 
1968 - 69 
1970 - 71 
1971 - 72 
1972 - 73 
1973 - 74 
1974 - 75 
1975 - 76 
1976 - 77 
1978 - 79 
1979 - 80 
1981 - 82 
1982 - 83 
Source : BWDB, 
Maximum w a t e r 
Level 
17.710 
17.830 
17.920 
19.170 
17.265 
18.240 
18.540 
18.375 
18.740 
18.990 
17.343 
18.136 
18.800 
D h a k a . 
Month 
September 
Augus t 
September 
Augus t 
September 
September 
September 
September 
September 
August 
August 
Augus t 
September 
Minimum w a t e r 
L e v e l 
10.545 
10.345 
10.240 
10.380 
9.915 
9 . 420 
9.190 
8.075 
8.075 
8.810 
7.742 
8.047 
7.820 
Month 
May 
March 
March 
March 
March 
March 
March 
March 
Apri l 
March 
J a n u a r y 
Apri l 
March 
A32 
APPENDIX - XI 
Water Level of the Ganges at Hardinge Bridge 
( Mean Daily in Meter ) 
Year 
1965 - 65 
1966 - 67 
1967 - 68 
1968 - 69 
1969 - 70 
1970 - 71 
1972 - 73 
1973 - 74 
1974 - 75 
1975 - 75 
1975 - 77 
1977 - 78 
1978 - 79 
1979 - 80 
1980 - 81 
1981 - 82 
1982 - 83 
1983 - 84 
Source : BWDB, 
Maximum 
Level 
13.720 
14.280 
14.435 
10.040 
14.679 
13.915 
13.400 
14.175 
14.387 
14.310 
14.645 
14.112 
14.591 
13.640 
14.859 
14.185 
14.545 
14.815 
D h a k a . 
w a t e r 
Month 
September 
September 
September 
August 
August 
September 
September 
August 
September 
August 
September 
August 
August 
August 
August 
August 
September 
September 
Minimum w a t e r 
Level 
6.830 
6,525 
6.845 
5.510 
5.449 
5.250 
6.450 
6.435 
6.200 
5.029 
5.06C 
5.187 
5.233 
5.532 
5.485 
5.850 
5.44 0 
5.375 
Month 
March 
Apr i l 
Apri l 
March 
Apri l 
Apri l 
March 
Apr i l 
March 
March 
Apri l 
March 
March 
March 
April 
March 
March 
Apr i l 
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APPENDIX - XII 
Water Level of t h e Ganges a t Goalundo 
( Mean Daily in Metre ) 
Yeai 
1965 -
1968 -
1969 -
1970 -
1972 -
1973 -
1974 -
1975 -
1977 -
1979 -
1980 -
1981 -
Source 
66 
69 
70 
71 
73 
74 
75 
75 
78 
80 
81 
82 
: BV/DB, 
Maximum 
L e v e l 
Dh 
8.650 
8.970 
8.795 
8.955 
8.520 
8.895 
9.225 
8.930 
8.735 
8.352 
9.141 
8.626 
a k a . 
w a t e r Month 
August 
July 
August 
August 
August 
Augus t 
August 
August 
August 
Augus t 
August 
Augus t 
Minimum w a t e r 
L e v e l 
2.195 
2.220 
2.475 
2.590 
2.360 
2.805 
2.890 
2.680 
3.095 
1.987 
3.310 
3.030 
Month 
F e b r u a r y 
March 
March 
March 
F e b r u a r y 
March 
Apr i l 
F e b r u a r y 
F e b r u a r y 
F e b r u a r y 
F e b r u a r y 
March 
434 
APPENDIX - XIII 
Water Level of the Ganges at Mav/a 
( Mean Dai ly in Metre ) 
Year 
1955 - 66 
1966 - 57 
1967 - 68 
1968 - 69 
1972 - 73 
1974 - 75 
1975 - 75 
1976 - 77 
1977 - 78 
1973 - 79 
1979 - 80 
1980 - 81 
1981 - 82 
1982 - 83 
1983 - 84 
Source : BWDB, 
Maximum w a t e r 
L e v e l 
5.955 
6.375 
5.585 
5.230 
5.790 
5.480 
5.930 
5.585 
5.960 
5.715 
5.593 
5.334 
5.835 
5.455 
5.950 
D h a k a . 
Month 
Augus t 
September 
September 
August 
August 
August 
August 
Augus t 
August 
August 
August 
Augus t 
August 
Augus t 
September 
Minimum vrater 
L eve l 
1.385 
1.465 
1.270 
1.090 
1.190 
1.040 
1.080 
0.914 
1.070 
1.005 
1.105 
1.128 
0.975 
0.915 
1.300 
Month 
F e b r u a r y 
F e b r u a r y 
F e b r u a r y 
F e b r u a r y 
F e b r u a r y 
March 
March 
March 
March 
March 
March 
F e b r u a r y 
March 
F e b r u a r y 
F e b r u a r y 
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APP. XVIII : Monthly Range of Discharge of the Ganges at Hardingo Bridge 
447 
E 
U 
c 
1 
s 
•C 
"c 
o 
2 
Cl) 
e 
> 
< 
2B000-
25000-
22000-
19000-
16000-
13000-
10000-
7000-
iOOO-
1000-
\ 
^ 
lb 20 30 ib 50 60 70 80 90 
PERCENI OF TIME DISCHARGE EQUALLED OR EXCEEDED 
100 
APP. XIX : Flow Duration Curve of the Ganges for 1934-1984 
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